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(54) INTERLAMINAR MATERIAL FOR SOLAR CELL AND DYE SENSITIZING SOLAR CELL USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an interlaminar material for solar cells which can fully check leakage 
of an electrolysis solvent and an electrolyte which constitute electrolyte layers in a sealed cell, has 
durability and safety securing prolonged reliability for a long time, moreover, makes it possible to 
manufacture the solar cell simply, and can be suitably used for the dye sensitizing solar cells, and to provide 
the dye sensitizing solar cell using the material. 

SOLUTION: The interlaminar material for the solar cells, which constitutes the solar cell, (1) consists of a 
resin composite whose glass transition temperature is 80° C or higher and/or a solvent resistance resin 
composite as essentials, or (2) consists of resin with an aromatic ring as an essential. Moreover, the dye 
sensitizing solar cell is constituted by using the above interlaminar material for the solar cell. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A charge of the material between solar battery layers becoming as this charge of the material 
between solar battery layers having an indispensable glass transition temperature in a resin composition 
and/or a solvent resistance resin composition of not less than 80 ** that it is a charge of the material 
between solar battery layers which constitutes a solar cell. 

[Claim 2]A charge of the material between solar battery layers which is a charge of the material between 
solar battery layers which constitutes a solar cell, and is characterized by this charge of the material 
between solar battery layers becoming considering resin which has an aromatic ring as indispensable. 
[Claim 3]The charge of the material between solar battery layers according to claim 1 or 2, wherein resin 
which constitutes said charge of the material between solar battery layers is hardening resin. 
[Claim 4]The charge of the material between solar battery layers according to claim 1 , 2, or 3 which resin 
which constitutes said charge of the material between solar battery layers hardens with an activity energy 
line, and is characterized by things. 

[Claim 5]The charge of the material between solar battery layers according to claim 1, 2, 3, or 4, wherein 
said charge of the material between solar battery layers becomes considering a mineral constituent as 
indispensable. 

[Claim 6]A dye sensitizing type solar cell which uses the charge of the material between solar battery layers 
according to claim 1, 2, 3, 4, or 5, and is characterized by things. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the charge of the material between solar battery layers, and 
a dye sensitizing type solar cell. It is related with the dye sensitizing type solar cell which uses the charge of 
the material between solar battery layers and it which are used in order to form in more detail a sealing 
agent, lead covering material, a gestalt holding material, etc. which constitute a solar cell. 
[0002] 

[Description of the Prior Art]The solar cell attracts attention from the dye sensitizing type solar cell which 
uses the semiconductor layer (photosensitive layer) which has especially photo conductors, such as 
titanium oxide which made photosensitizing pigment support (adsorption), having the high conversion 
efficiency to electrical energy, although what is constituted from recent years by the closure cell is used. As 
shown in drawing 1 , a dye sensitizing type solar cell, for example A conductive substrate, It has a counter 
electrode by metal, such as a charge transfer layer containing electrolytes with a photo conductor, such as 
electrolysis solvents, such as a semiconductor layer (photosensitive layer) and acetonitrile, and iodine, and 
platinum (Pt), and has the structure of coming to close an electrolysis solution with a sealing agent. 
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Electrical energy will be taken out when a semiconductor layer with a photo conductor will emit electrons by 
operation of photosensitizing pigment if sunlight hits from the conductive substrate or counter electrode 
side, and I"/I 3 "in a charge transfer layer carries out a redox action to a counter electrode. 
[0003]In such a solar cell, in order to secure prolonged reliability, preventing the electrolysis solvent and 
electrolyte in a closure cell from being revealed, and improving safety is called for. Although there is also the 
method of solidifying an electrolysis solution, even if it solidifies, it is necessary to prevent an electrolyte 
from being revealed. If the long-term use over several years is assumed on outdoor conditions, degradation 
by ultraviolet rays, etc. are controlled and what has endurance is called for. Such the characteristic will be 
required also in other components of a solar cell, For example, endurance etc. will be called for also in the 
gestalt holding material for gap maintenance or modular gestalt maintenance besides the sealing agent (lead 
covering material) of the metal wire (current collection wiring) which is needed by the sealing agent which 
reinforces the edge part of substrates, such as a conductive substrate, or large area-ization. 
[0004]A crevice is made from etching to the transparent substrate in which the conducting film was formed, 
and using the resin which contains in formation of a sealing agent insulating particles, such as an epoxy resin 
and an epoxy resin containing silica impalpable powder, about the wet solar cell which pours in an 
electrolysis solution is indicated by JP,1 1-307141 , A. Using an ultraviolet curing type epoxy resin etc. for 
formation of a sealing agent is indicated by JP,2000-30767,A about the manufacturing method of the wet 
solar cell which has formation of a transparent substrate, pouring of an electrolysis solution, a sealing 
process, etc. Oppose the transparent conducting film formed in the transparent substrate, and the metallic 
oxide film which supported the sensitizing dye formed in the conductive substrate to JP, 2000-1 50005,A, 
and it joins, Using for formation of a sealing agent the epoxy resin which is resin which is hard to dissolve in 
a solvent about the manufacturing method of the dye sensitizing type solar cell which has the process of 
pouring an electrolyte into the opening formed by junction etc. is indicated. The transparent substrate in 
which transparent conducting film adherence was formed, and the conductive substrate in which the dye 
sensitizing semiconductor electrode was formed are laid on top of JP.2000-1 73680.A, While applying and 
closing resin, such as an epoxy resin and silicone rubber, to the circumference, the dye sensitizing type 
solar cell fixed with the solid for closure is indicated. In the crevice formed in JP,2000-200627,A by junction 
to the transparent substrate in which the transparent conducting film was formed, and arbitrary substrates. 
The substrate with which the dye sensitizing semiconductor electrode was formed is inserted, and using an 
epoxy resin and silicone rubber for formation of a sealing agent is indicated about the dye sensitizing type 
solar cell with which it comes to pour an iodine electrolytic solution into a crevice. 

[0005]In JP,2000-348783,A, the process of introducing a sensitizing dye solution and an electrolysis 
solution into the field currently closed beforehand etc., about the manufacturing method of the dye 
sensitizing type solar cell which it has for formation of a sealing agent. Being based on the sealing compound 
of inorganic systems, such as a heat-hardened type or photo-curing type organic matter system resin, and 
a paste of glass frit, is indicated. The paste state sealing compound of glass frit is applied over the 
surrounding perimeter of a substrate, and, specifically, having heat-treated at 450 ** is indicated. Using the 
paste state glass frit which contains the acrylic resin used as glass powder and a binder in 
JP,2001-185244,A about the dye sensitizing type solar cell which closed the edge part of the substrate by 
glass frit is indicated. 
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[0006] However, in using an epoxy resin and silicone rubber in formation of the sealing agent of a solar cell. In 
the long-term use over several years, outdoor conditions were not enough as endurance, and since 
disclosure of an electrolysis solvent or an electrolyte could not fully be prevented by this, there was room of 
the device for improving these points and obtaining a reliable prolonged solar cell. In using glass frit, in order 
to make it weld to a substrate, the working temperature of not less than 400 ** is usually needed, For 
example, since it became impossible to close after forming the semiconductor layer which has photo 
conductors, such as titanium oxide which made photosensitizing pigment support (adsorption), there was 
room of the device which enables it to form a solar cell simple by the usual process in this point. 
[0007] 

[Problem(s) to be Solved by the Invention]This invention is made in view of the above-mentioned actual 
condition, and is a thing. 

The purpose fully prevents disclosure of the electrolysis solvent and electrolyte which constitute the 
electrolyte layer of **, And it is providing the dye sensitizing type solar cell which uses the charge of the 
material between solar battery layers and it which can make it possible to have the endurance and the 
safety which can secure prolonged reliability, and also to manufacture a solar cell simple, and can be used 
conveniently for a dye sensitizing type solar cell. 
[0008] 

[Means for Solving the Problem]If this invention persons use a resin composition with a high glass transition 
temperature for a charge of the material between solar battery layers while examining many things about a 
charge of the material between solar battery layers which constitutes a solar cell, In long-term use over 
several years, a solar cell has sufficient endurance on outdoor conditions, and moreover, with improvement 
in endurance, even if an electrolyte layer in a closure cell is a thing of which state of a liquid state, gel, and 
a solid state, If a resin composition which has specific solvent resistance is used paying attention to fully 
preventing disclosure of an electrolysis solvent and an electrolyte which constitute an electrolyte layer, It 
notes fully preventing disclosure of an electrolysis solvent in a closure cell, or an electrolyte, and also 
having sufficient endurance, And a charge of the material between solar battery layers thought out for a 
operation effect resulting from glass transition temperature or solvent resistance to fully be demonstrated, 
and for an aforementioned problem to be solved splendidly, when glass transition temperature became 
considering a resin composition and/or a solvent resistance resin composition of not less than 80 ** as 
indispensable. When a charge of the material between solar battery layers became considering resin which 
has an aromatic ring as indispensable, it found out that it originated in glass transition temperature and 
solvent resistance improving, and an aforementioned problem could be solved splendidly. Resin which 
constitutes such a charge of the material between solar battery layers was hardening resin, and also it 
hardened with an activity energy line, and if, endurance and solvent resistance improved rather than what 
does not have hardenability, and it found out that it was more desirable on manufacture than what 
heat-hardens. When a charge of the material between solar battery layers became considering mineral 
constituents, such as ceramics, as indispensable, solvent resistance improved and it found out that the 
above-mentioned operation effect was more fully demonstrated. If it applies to a dye sensitizing type solar 
cell, conversion efficiency to electrical energy will find out a high thing and that a highly efficient and reliable 
solar cell can be obtained conjointly, and will reach this invention. 
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[0009]That is, the above-mentioned charge of the material between solar battery layers is a charge of the 
material between solar battery layers which glass transition temperature becomes considering a resin 
composition and/or a solvent resistance resin composition of not less than 80 ** as indispensable that this 
invention is a charge of the material between solar battery layers which constitutes a solar cell. This 
invention is a charge of the material between solar battery layers which constitutes a solar cell again, and 
the above-mentioned charge of the material between solar battery layers is also a charge of the material 
between solar battery layers which becomes considering resin which has an aromatic ring as indispensable. 
[0010]This invention is also a dye sensitizing type solar cell which uses the above-mentioned charge of the 
material between solar battery layers further. Below, this invention is explained in full detail. 
[001 1]Although a charge of the material between solar battery layers of this invention becomes considering 
resin which (1) glass transition temperature becomes considering a not less than 80 ** resin composition 
and/, or a solvent resistance resin composition as indispensable, or has (2) aromatic rings as indispensable, 
it may use together (1) and (2). These may be used independently, respectively and may use two or more 
sorts together. A charge of the material between solar battery layers is used in order to form a sealing agent, 
lead covering material, a gestalt holding material, etc. which constitute a solar cell. 

[0012]First, a component of a charge of the material between solar battery layers of this invention is 
explained. In a charge of the material between soiar battery layers of this invention, glass transition 
temperature which is an essential ingredient A not less than 80 ** resin composition and/or a solvent 
resistance resin composition, and/. Or it is preferred that such total mass is more than 1 mass % as content 
of resin which has an aromatic ring to charge of material between solar battery layers 100 mass %, and it is 
preferred that it is below 99 mass %. When it is less than 1 mass % or 99 mass % is exceeded, there is a 
possibility that it may become impossible to fully demonstrate a operation effect of this invention. More 
preferably, it is more than 30 mass %, and is below 95 mass %. Preferably, it is more than 50 mass %, and is 
below 95 mass %. 

[0013]The above-mentioned glass transition temperature is a constituent in which a resin composition and 
a solvent resistance resin composition of not less than 80 ** contain an ingredient etc. of others which use 
resin as an essential ingredient and mention it later if needed. In this invention, other ingredient kinds and 
quantity which are contained [ resin or if needed ] which are included in a resin composition will be suitably 
set up become what fulfills solvent resistance mentioned later so that glass transition temperature of a 
resin composition which constitutes a charge of the material between solar battery layers may be not less 
than 80 **. An ingredient of resin contained in a resin composition and others may be used independently, 
and may use two or more sorts together. 

[0014]As a not less than 80 ** resin composition, a not less than 90 ** resin composition has [ the 
above-mentioned glass transition temperature (Tg) ] a preferred glass transition temperature. It is a not 
less than 1 30 ** resin composition more preferably. As a measuring method of Tg, it is preferred among this 
specification to carry out by a following method. 

(Measuring method of Tg) TMA measurement (coefficient-of-thermal-expansion measurement) determines 
Tg of a resin composition. 

measuring condition: — heating rate 5 ** / min temperature-up pattern: — 25-200 ** measuring device: — 
TMA-50 (a trade name, the Shimadzu Corp. make) 
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Sample: A hardened material of a resin composition [001 5] Although tolerance over an electrolysis solution 
and an electrolyte in a charge transfer layer will use a good resin composition as the above-mentioned 
solvent resistance resin composition, A resin composition with good acetonitrile which is electrolysis 
solution of a dye sensitizing type solar cell and tolerance over iodine etc. is preferred, It is preferred that the 
percentage of the amount of hardened materials of a resin composition after solvent immersion to the 
amount of hardened materials of a resin composition before solvent immersion in the following resistance to 
solvents test is not less than 90%, and it is preferred that it is 120% or less. Since tolerance over acetonitrile 
is insufficient if it is less than 90% or exceeds 120%, there is a possibility that it may become impossible to 
fully prevent disclosure of an electrolysis solvent in a closure cell or an electrolyte in a dye sensitizing type 
solar cell. More preferably, it is not less than 95%, and is 1 10% or less. Preferably, it is not less than 98%, and 
is 1 05% or less. 

(Resistance to solvents test) A resin composition is neglected at 60 ** in acetonitrile fluid, and a mass 
change in a resin composition estimates the solvent resistance of material between layers. 
Measuring condition: 30 g of acetonitrile and the hardened material 2g of a resin composition are put into 
the same container, and it is immersed by stirring for seven days at 60 **. The mass w (g) of a hardened 
material of a resin composition of seven days after is measured, a following formula estimates a mass 
change in a hardened material of a resin composition, and a rate of the amount of hardened materials of a 
resin composition after solvent immersion to the amount of hardened materials of a resin composition 
before solvent immersion is measured. 

the amount of hardened materials of a resin composition after solvent immersion to the amount of hardened 
materials of a resin composition before solvent immersion — comparatively — w(g) / (%) ={2 (g)} x100 
[0016]Even if a main chain and/or a side chain in resin have an aromatic ring as resin which has the 
above-mentioned aromatic ring, when a monomer contains in resin, a monomer may have an aromatic ring. 
Although not limited especially as an aromatic ring, preferably, it may be the benzene ring, a naphthalene 
ring, and a biphenyl ring, and may be one sort, or they may be two or more sorts. As resin which has such an 
aromatic ring, glass transition temperature is not less than 80 **, and it is preferred that it is what fulfills 
solvent resistance mentioned above. 

[001 7]It is resin which glass transition temperature in this invention has a reactant group, and hardens by 
energies, such as activity energy lines, such as light, and heat, as a desirable gestalt of resin contained in a 
resin composition and a solvent resistance resin composition of not less than 80 **, and resin which has an 
aromatic ring, i.e., hardening resin. That is, as resin which constitutes a charge of the material between solar 
battery layers of this invention, it is preferred that it is hardening resin. As hardening resin, it is radical, and 
although resin (radical hardening resin) to harden, resin (ion hardening resin) hardened with ion, resin 
(heat-hardened type resin) hardened with heat, etc. are preferred, it is preferred to make radical hardening 
resin indispensable. Since it is more desirable on manufacture also in these than what heat-hardens, what is 
hardened with an activity energy line is more preferred. Resin which constitutes a charge of the material 
between solar battery layers hardens with an activity energy line, and things are one of the desirable 
gestalten of this invention. 

[0018]Glass transition temperature in this invention explains below radical hardening resin which is a 
desirable gestalt of resin contained in a resin composition and a solvent resistance resin composition of not 
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less than 80 **, and resin which has an aromatic ring, and ion hardening resin. 

[0019]As radical hardening resin in this invention, what is necessary is just radical hardening type resin 
hardened by a radical polymerization under existence of radical generators, such as heat and a hardening 
agent, or a radiation; infrared; visible light exposure of an ultraviolet-rays; electron beam; excimer laser; 
gamma ray, X-rays, etc. As such radical hardening resin, unsaturated polyester, epoxy (meta) acrylate, 
Resin containing a polymer (henceforth a radical hardenability polymer) with radical hardenability, such as 
urethane (meta) acrylate and polyester (meta) acrylate, and reactive diluent, resin containing acryl syrup 
(meta) containing reactive diluent, etc. are preferred. Resin which contains a polymer without radical 
hardenability, such as saturated polyester and poly(meta) methyl acrylate, and reactive diluent in others is 
also preferred. In radical hardening resin which has an aromatic ring, a polymer without a radical 
hardenability polymer or radical hardenability may have an aromatic ring, and reactive diluent may have an 
aromatic ring. 

[0020]It is not limited but what is necessary is just to set up suitably especially as reaction conditions, such 
as reaction pressure at the time of compounding the above-mentioned unsaturated polyester, epoxy (meta) 
acrylate, urethane (meta) acrylate, polyester (meta) acrylate, and an acrylic (meta) polymer, reaction time, 
and reaction temperature. A molecular weight in particular of each radical hardenability polymer which 
constitutes radical hardening resin is not limited. 

[0021]In a charge of the material between solar battery layers of this invention, as content of each radical 
hardenability polymer which constitutes radical hardening resin, it is more than 1 mass % preferably to 
charge of material between solar battery layers 100 mass %, and is below 99 mass %. It is easy to produce 
distortion by contraction accompanying [ that it is less than 1 mass % ] a hardening reaction, and physical 
properties after hardening become weak easily. When 99 mass % is exceeded, viscosity of a charge of the 
material between solar battery layers does not fall enough, but there is a possibility that workability may be 
spoiled or a charge of the material between solar battery layers may not serve as a uniform constituent. It is 
more than 5 mass % more preferably, and is below 95 mass %. It is more than 10 mass % preferably, and is 
below 90 mass %. 

[0022]A charge of the material between solar battery layers of this invention may contain one or more kinds 
of reactive diluent with radical hardening resin if needed, as mentioned above. Reactive diluent is a 
compound which has a polymerization nature unsaturated bond of 1 ** at least in a molecule, and there are 
a monofunctional nature compound which has one polymerization nature unsaturated bond in a molecule, 
and a polyfunctional compound which has two or more polymerization nature unsaturated bonds in a 
molecule. 

[0023]As amount of monofunctional nature and polyfunctional compound used, among charge of material 
between solar battery layers 100 mass % of this invention, preferably, it is more than 1 mass %, and is below 
99 mass %. More preferably, it is more than 10 mass %, and is below 80 mass %. Preferably, it is more than 20 
mass %, and is below 50 mass %. 

[0024]The above-mentioned ion hardening resin is heat or an activity energy line, generates an anion as a 
labile kind, and a cation, and refers to resin which crosslinking reaction advances and hardens with it as the 
starting point. As ion hardening resin in this invention, resin of structure of having an epoxy group, a vinyl 
ether group, an oxetane group, and an isopropenyl ether group at the end of a main chain and/or a side 
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chain is preferred, and an epoxy resin etc. are preferred as such resin. A molecular weight in particular of 
each ion hardenability polymer which constitutes ion hardening resin is not limited. 

[0025]In a charge of the material between solar battery layers of this invention, as content of each ion 
hardenability polymer which constitutes ion hardening resin, it is more than 1 mass % preferably to charge of 
material between solar battery layers 100 mass %, and is below 99 mass %. It is easy to produce distortion by 
contraction accompanying [that it is less than 1 mass %] a hardening reaction, and physical properties after 
hardening become weak easily. When 99 mass % is exceeded, viscosity of a charge of the material between 
solar battery layers does not fall enough, but there is a possibility that workability may be spoiled or a 
charge of the material between solar battery layers may not serve as a uniform constituent. It is more than 
5 mass % more preferably, and is below 95 mass %. It is more than 10 mass % preferably, and is below 90 
mass %. 

[0026]When making it harden by the exposure of the above-mentioned activity energy line, a charge of the 
material between solar battery layers of this invention may be made to contain a photopolymerization 
initiator other than radical hardening resin or ion hardening resin further. Thereby, a charge of the material 
between solar battery layers of this invention serves as a photosensitive resin composition, and is set to 
one of the desirable embodiments by this invention. 

[0027]Various publicly known substances can be used as the above-mentioned photopolymerization 
initiator, and it is not limited in particular. As amount of photopolymerization initiator used, it is more than 
0.1 mass % preferably to radical hardening resin and ion hardening resin 100 mass %, and is below 15 mass %. 
More preferably, it is more than 1 mass %, and is below 10 mass %. 

[0028]In hardening resin in this invention, an epoxy resin and/ or polyhydric phenol are preferred as what 
heat-hardens (heat-hardened type resin) besides radical hardening resin of the above-mentioned 
statement, as a desirable gestalt, they are a gestalt which uses together (1) epoxy resin and polyhydric 
phenol, and an epoxy resin obtained by forming (2) polyhydric phenol into polyfunctional glycidyl ether — an 
epoxy resin and polyhydric phenol — respectively — one sort — or two or more sorts can be used. 
"Polyhydric phenol" means a polymer which has two or more aromatic rings with a hydroxyl group among 
this specification. 

[0029]As an epoxy resin in a gestalt of the above (1), into a molecule, what is necessary is just a compound 
which has at least one epoxy group, and it is not limited in particular. It is desirable still more preferred to 
blend so that a mole ratio of hydroxyl in polyhydric phenol and an epoxy group in an epoxy resin may be set 
to 1:0.5 to 1:1.5, and a range of the mixture ratio of polyhydric phenol and an epoxy resin is 1:0.8 to 1:1.2. If 
it separates from this range, curing failure will happen, and there is a possibility that a good hardened 
material may not be obtained. 

[0030]In a gestalt of the above (1), it is preferred to use a hardening accelerator for epoxy resins with an 
epoxy resin and polyhydric phenol. As a hardening accelerator for epoxy resins, to the usual epoxy resin, if it 
is a thing of publicly known public use, all can be used. 

[0031]"Phenols" as used in reaction raw materials for manufacturing the above-mentioned polyhydric 
phenol means a compound which has an aromatic ring with a hydroxyl group which is one of the raw 
materials used in order to manufacture polyhydric phenol. What is necessary is just the compound which 
one piece or two hydroxyl groups or more combined with an aromatic ring, and substituents other than one 
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piece or two hydroxyl groups or more combined as the above-mentioned phenols, and it is not limited in 
particular. 

[0032]Although a charge of the material between solar battery layers of this invention uses as an essential 
ingredient resin, such as hardening resin mentioned above, it is preferred that it is what becomes 
considering a mineral constituent as indispensable further. Thereby, solvent resistance can be improved or 
adhesion of a charge of the material between solar battery layers and conductive substrates, such as glass, 
can be improved. One sort or two sorts or more can be used for a mineral constituent. As amount of mineral 
constituent used, preferably, it is more than 1 mass %to charge of material between solar battery layers 100 
mass %, and is below 95 mass %. More preferably, it is more than 50 mass %, and is below 70 mass %. 
[0033] Mineral matter without reactivity may be used as the above-mentioned mineral constituent, and 
reactant mineral matter may be used. A substance which may have an organic component and a mineral 
constituent in single structure, and has what has a reactant group in a substance in it, i.e., an organic 
component, and a mineral constituent in single structure, and has a reactant group can also be used as a 
mineral constituent in this invention. In this case, one of a mineral constituent and the organic components 
or both may have a reactant group. These mixtures may be sufficient. As an organic component in a mineral 
constituent, it is desirable, and more preferably, it is 10,000 or less that weight average molecular weight is 
10 million or less, and it is 1000 or less still more preferably. An existing reactant thing is also called 
inorganic reacting matter in mineral matter and a substance which has an organic component and a mineral 
constituent in single structure. As inorganic reacting matter, to have a reactant group and what is 
necessary is just a hydroxyl group and -MX (M expresses a metallic element among a formula.) as a reactant 
group. X expresses a hydrogen atom, a hydroxyl group, -OR 1 , a carboxyl group, a -N(R 2 ) 2 group, or a halogen 
atom. R' expresses an alkyl group of the carbon numbers 1-100 which may have a substituent. R 2 is the 
same, or it differs and it expresses an alkyl group of the carbon numbers 1-100 which may have a hydrogen 
atom or a substituent — a basis and -OR 3 (R 3 among a formula) which are expressed An alkyl group of the 
carbon numbers 1-100 which may have a substituent is expressed. An acetoxy group expressed, a carboxyl 
group, a basis which has structure like a silazane compound, etc. are preferred. In a basis which is a basis 
and an acetoxy group which are expressed with -MX, and is preferably expressed with -MX, as M, Silicon, 
titanium, zinc, etc. are preferred, a basis expressed with halogen atom;-OR\ such as a fluorine atom, a 
chlorine atom, a bromine atom, and iodine atoms, is preferred as X, and it is an alkyl group of the carbon 
numbers 1-100 which may have a substituent as a desirable gestalt of R 1 . As R\ they are a methoxy group, 
an ethoxy basis, a butoxy group, an isopropoxy group, and a propoxy group more preferably. If it is a basis 
which has radical polymerization nature, ionic polymerization nature, and thermal polymerization nature as a 
reactant group again in addition to a reactant, above mentioned group, all are good, but a basis which has 
ring-opening-reaction nature, such as a radical polymerization nature unsaturation group and an epoxy 
group, is preferred. In inorganic reacting matter, such a reactant group should just be connected in structure 
by ester bond, ether bond, amide bond, a urethane bond, -C-C-combination, etc. via a carbon atom and a 
hetero element (S, O, P, N). A reactant group may be introduced by ring opening reaction, such as a reaction 
with a radical polymerization nature unsaturated bond (a double bond and a triple bond), and epoxy. 
[0034]In the above-mentioned mineral constituent, as a thing with a reactant group, an alkoxide and a 
halogenide are preferred, for example, the Silang alkoxide, a titanium alkoxide, etc. are preferred. Various 
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kinds of silica with a thing of a ceramics system desirable and sufficient again for example, as a mineral 
constituent, such as silicates, such as natural silica, synthetic silica, and argillite; inorganic oxides, such as 
alumina, zirconia, titanium oxide, and a zinc oxide, etc. are preferred. 

[0035]A charge of the material between solar battery layers of this invention is the purpose of raising the 
stability, and may contain a modifier (polymerization inhibitor) again. According to the use, further a charge 
of the material between solar battery layers of this invention A conventionally publicly known additive agent, 
For example, a low shrinkage-ized agent, colorant, paraffin wax, and organic metal soap, Fibers reinforced, 
such as a silane coupling agent, a thixotropy grant agent, thixotropy ******, a thickener, a plasticizer, an 
ultraviolet ray absorbent, an antiaging agent, fire retardant, stabilizer, glass fiber, and carbon fiber, etc. may 
be included within limits which do not check an effect of this invention. 

[0036]It can carry out, when glass transition temperature which is an essential ingredient mixes other 
ingredients with a not less than 80 ** resin composition and/or a solvent resistance resin composition and/, 
or resin that has an aromatic ring if needed, for example as a method of manufacturing a charge of the 
material between solar battery layers of this invention. As a gestalt of material between solar battery layers, 
it may be which gestalten, such as a grain, paste state, the shape of sol, and gel, and they may be these 
mixtures. 

[0037]In a charge of the material between solar battery layers of this invention, it is preferred that glass 
transition temperature of a charge of the material between solar battery layers prepared as mentioned 
above is not less than 80 **. Glass transition temperature is not less than 90 ** more preferably. It is 
preferred that it is what fulfills solvent resistance which a charge of the material between solar battery 
layers mentioned above, and it is preferred a kind of resin which is an essential ingredient, and to set up 
other kinds and rates of an ingredient suitably comparatively so that a charge of the material between solar 
battery layers may become [ such ]. 

[0038]Although it will choose suitably according to a kind of resin etc. which constitute a charge of the 
material between solar battery layers as a method of stiffening a charge of the material between solar 
battery layers of this invention, How to stiffen by irradiating with an activity energy line when making 
indispensable the above-mentioned radical hardening resin and ion hardening resin, How to stiffen by adding 
radical generators, such as a hardening agent, an ion generation agent, etc., A method of stiffening by adding 
radical generators, such as a method and a hardening agent, an ion generation agent, etc. which are 
stiffened by mentioning a method of stiffening, etc. and irradiating with an activity energy line also in these is 
preferred by heating. These methods may be used together. As an activity energy line, radiation, such as 
light energy; electron beam; gamma rays, such as ultraviolet rays, an excimer laser, infrared rays, and visible 
light, and X-rays, is preferred. Also in these, a method of using light energy is preferred, and is using 
ultraviolet rays more preferably. 

[0039]When making indispensable the above-mentioned heat-hardened type resin, it is made to harden by 
heating a charge of the material between solar battery layers of this invention. As curing conditions, 
although it will set up suitably according to a kind of hardening agent, etc., it is preferred to make curing 
temperature beyond a room temperature. It is not less than 80 ** more preferably. As cure time, 30 minutes 
or more are preferred, and less than 48 hours is preferred. More preferably, it is 60 minutes or more, and is 
less than 6 hours. 
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[0040]Next, a using form of a charge of the material between solar battery layers of this invention is 
explained. A charge of the material between solar battery layers of this invention constitutes a solar cell, 
and a dye sensitizing type solar cell is preferred for it as this solar cell. In usual, such a solar cell will have a 
semiconductor layer (henceforth a photosensitive layer) with (2) photo conductors, such as (1) conductive 
substrate, (3) charge transfer layers, and (4) counter electrodes, and will have the structure of coming to 
close a charge transfer layer with a sealing agent. What forms a sealing agent by a charge of the material 
between solar battery layers of this invention in such a dye sensitizing type solar cell is one of the desirable 
embodiments of this invention. 

[0041 ]As it mentioned [ a charge of the material between solar battery layers of this invention ] above in a 
solar cell, in order that a sealing agent may be formed, it is used, and also it is possible to use also as a 
gestalt holding material and lead covering material, and these gestalten are desirable embodiments of this 
invention. A sealing agent means a sealing agent for reinforcing an edge part of a sealing agent used in order 
to prevent penetration of solvents, such as iodine of a charge transfer layer, and water, especially, and 
substrates, such as a conductive substrate, in order to prevent a substance which constitutes a charge 
transfer layer in a closure cell as covering of a battery material from being revealed. A gestalt holding 
material means what is used for gestalt maintenance (adhesion role) of a base material (spacer) for gap 
maintenance, or a module. Lead covering material is used for closure of a lead (metal) lead in a closure cell, 
and closure (insulating material) of a metal wire (current collection wiring) which is needed by large 
area-ization. A dye sensitizing type solar cell which a charge of the material between solar battery layers of 
this invention is suitably applied in such a use in a dye sensitizing type solar cell, and uses a charge of the 
material between solar battery layers of this invention is also one of this inventions. 

[0042]An example of a dye sensitizing type solar cell which uses a charge of the material between solar 
battery layers of this invention is explained using drawing 1 - 6. Drawing 1 is the example which used a 
charge of the material between solar battery layers of this invention as a sealing agent, and is a dye 
sensitizing type solar cell which has the structure where a charge of the material between solar battery 
layers of this invention comes to close a charge transfer layer. Drawing 2 is the example which used a 
charge of the material between solar battery layers of this invention as a base material (gestalt holding 
material) or a sealing agent, and is a dye sensitizing type solar cell which has the structure where a charge 
of the material between solar battery layers of this invention comes to close a charge transfer layer. In a 
dye sensitizing type solar cell of drawing 2 , a charge transfer layer is closed with a base material (gestalt 
holding material) and a sealing agent, and a base material is pasted up on a counter electrode, a conductive 
substrate, etc. with a sealing agent (binding material). In drawjng 2 , a charge of the material between solar 
battery layers of this invention may be used for a base material or a sealing agent (binding material), and 
may be used for a base material and a sealing agent. Drawing 3 is the example which used a charge of the 
material between solar battery layers of this invention as a gestalt holding material (base material) for 
closure (lead covering material) of a sealing agent and a lead lead, and gap maintenance. As shown in 
drawing 3 , as a gestalt holding material, a charge of the material between solar battery layers of this 
invention can be used for adhesion of base materials, and adhesion with a base material, a counter electrode, 
a photosensitive layer, or a conductive substrate, and will demonstrate an adhesion role. Drawing 4 is the 
example which used a charge of the material between solar battery layers of this invention as a gestalt 
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holding material (base material) for a sealing agent and gap maintenance. Drawing 5 is the example which 
used a charge of the material between solar battery layers of this invention as a gestalt holding material 
(base material) for a sealing agent and gap maintenance, and an insulation material (lead covering material) 
of a metal lead. Each module which drawing 6 is the example which used a charge of the material between 
solar battery layers of this invention as a gestalt holding material (adhesion role), and constitutes a solar cell 
is being fixed on a transparent substrate by charge of the material between solar battery layers of this 
invention. Drawing 1 - a gestalt of six can also be used together. 

[0043]Below, composition of a dye sensitizing type solar cell of this invention is explained. A dye sensitizing 
type solar cell of this invention comprises an optoelectric transducer which has a semiconductor layer 
(photosensitive layer) with a conductive substrate and a photo conductor, a charge transfer layer containing 
an electrolyte composition, and a counter electrode. As preferably shown in drawing 1 - 6, it is an 
optoelectric transducer which comprises a charge transporting material which permeated an opening 
between a semiconductor particulate by which laminated in order of a conductive layer, a photosensitive 
layer, a charge transfer layer, and a counter electrode conductive layer, and sensitization was carried out 
with coloring matter in this photosensitive layer, and this semiconductor particulate. A charge transporting 
material consists of the same ingredient as material used for a charge transfer layer. In order to give 
intensity to a dye sensitizing type solar cell, a substrate may be formed in the conductive layer and/or 
counter electrode conductive layer side. A layer which consists a layer which consists of a conductive layer 
and a substrate which it is arbitrary and is formed into this specification of a "conductive substrate", a 
counter electrode conductive layer, and a substrate it is arbitrary and is formed is called a "counter 
electrode. A thing it was made to make such an optoelectric transducer work by connecting with an 
external circuit is a dye sensitizing type solar cell. Drawing 1 - a conductive layer in six, a counter electrode 
conductive layer, and a substrate may be a transparent conductive layer, a transparent counter electrode 
conductive layer, and a transparent substrate, respectively. 

[0044]In an optoelectric transducer shown in drawing 1 - 6, coloring matter etc. are excited, and electrons 
of inner high energy, such as excited coloring matter, are passed to a conducting zone of a semiconductor 
particulate, and also light which entered into a photosensitive layer containing a semiconductor particulate 
by which sensitization was carried out with coloring matter reaches a conductive layer by diffusion. At this 
time, molecules, such as coloring matter, serve as an oxidant. In a photoelectrochemical cell, while an 
electron in a conductive layer works in an external circuit, it returns to oxidants, such as coloring matter, 
through a counter electrode conductive layer and a charge transfer layer, and coloring matter is reproduced. 
A photosensitive layer works as a negative electrode. On boundaries (for example, a boundary of a 
conductive layer and a photosensitive layer, a boundary of a photosensitive layer and a charge transfer layer, 
a boundary of a charge transfer layer and a counter electrode conductive layer, etc.) of each layer, the 
constituents of each class may be carrying out diffusive mixing mutually. Hereafter, each class is explained 
in detail. 

[0045](1) Although it may consist of a monolayer of a conductive layer (1-1) and consists of a conductive 
layer (1-2) and two-layer [ of a substrate ] as a conductive substrate conductive substrate, if a conductive 
layer that intensity and sealing performance are fully maintained is used, a substrate is not necessarily 
required. In the case of (1-1), what sufficient intensity is obtained like metal as a conductive layer, and has 
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conductivity is used. In the case of (1-2), a substrate which has a conductive layer which contains a 
conducting agent in the photosensitive layer side can be used. As a conducting agent, conductive metallic 
oxide, such as what doped fluoride, etc. are suitable for metal; carbon; indium tin multiple oxides, such as 
platinum, gold, silver, copper, aluminum, rhodium, and indium, and tin oxide. As thickness of a conductive 
layer, about 0.02-10 micrometers is preferred. 

[0046]It is so good that surface resistance is low, surface resistance is below 100ohms / ** preferably, and 
the above-mentioned conductive substrate is below 10ohms / ** more preferably. As a minimum of surface 
resistance, it is preferred that they are 0.1 ohm / ** grade. 

[0047]When irradiating with light from the above-mentioned conductive substrate side, substantially 
transparent thing of a conductive substrate is preferred. That it is transparent means substantially that 
transmissivity of light is not less than 10%, it is preferred that it is not less than 50%, and not less than 70% 
is more preferred. 

[0048]What formed a transparent conductive layer which consists of conductive metallic oxide in the 
surface of transparent substrates, such as glass or a plastic, by spreading or vacuum evaporation as the 
above-mentioned transparent conductive base material is preferred. Especially, electrically conductive 
glass which deposited a conductive layer which consists of diacid-ized tin which doped fluoride on a 
transparent substrate made with a soda lime float glass of low cost is preferred. In order to consider it as a 
flexible dye sensitizing type solar cell by low cost, it is preferred to use for a transparent polymer film what 
provided a conductive layer. As a material of a transparent polymer film, a tetraacetyl cellulose (TAC), 
Polyethylene terephthalate (PET), polyethylenenaphthalate (PEN), Sindi octa tic polystyrene (SPS), a 
polyphenylene sulfide (PPS), Polycarbonate (PC), polyarylate (PAr), polysulfone (PSF), polyester sulfone 
(PES), polyether imide (PEI), cyclic polyolefin, bromine-ized phenoxy, etc. are preferred. As for coverage of 
conductive metallic oxide, in order to secure sufficient transparency, it is preferred to consider it as per 
[ 0.01 -100g ] base material 1m 2 of glass or a plastic. 

[0049]In this invention, it is preferred to use a metal lead in order to lower resistance of a transparent 
conductive base material. As construction material of a metal lead, metal, such as aluminum, copper, silver, 
gold, platinum, and nickel, is preferred, and especially aluminum and silver are preferred. It is preferred for a 
metal lead to install in a transparent substrate by vacuum evaporation, sputtering, etc., and to provide on it 
a transparent conductive layer which consists of tin oxide or an ITO film which doped fluoride. After 
providing a transparent conductive layer in a transparent substrate, it is also preferred to install a metal lead 
on a transparent conductive layer. A fall of incident light quantity by metal lead installation may be 1 to 5% 
more preferably less than 10%. 

[0050](2) A semiconductor layer with a photo conductor (photosensitive layer) 

In a dye sensitizing type solar cell of this invention, it is preferred to contain a particle semiconductor by 
which sensitization was carried out with coloring matter as a photosensitive layer. A semiconductor acts as 
what is called a photo conductor, absorbs light, performs charge separation, and produces an electron and 
an electron hole. In a semiconductor particulate by which dye sensitizing was carried out, generating of 
optical absorption, an electron by this, and an electron hole takes place mainly in coloring matter, and a 
semiconductor particulate receives this electron and bears a role to transmit. 

[0051 ]As the above-mentioned semiconductor particulate, element semiconductor;III-V system compound 
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semiconductor; oxides, such as silicon and germanium, Metal chalcogenides, such as a sulfide and a 
selenide; a compound etc. which have perovskite structures, such as strontium titanate, titanic acid calcium, 
titanium sodium, barium titanate, and potassium niobate, are preferred. Also in these, what comprises metal 
chalcogenide is preferred. 

[0052]As the above-mentioned metal chalcogenide, titanium, tin, zinc, iron, tungsten, A zirconium, hafnium, 
strontium, indium, cerium, A selenide of the sulfide; cadmium or lead of yttrium, a lantern, vanadium, niobium 
or the oxide; cadmium of tantalum, zinc, lead, silver, antimony, or bismuth; a telluride of cadmium, etc. are 
preferred. As other compound semiconductors, a selenide of phosphide; gallium arsenide or copper-indium, 
such as zinc, gallium, indium, and cadmium, a sulfide of copper-indium, etc. are preferred. 
[0053]As a semiconductor used for this invention, preferably, Si, Ti0 2 , Sn0 2 , and Fe 2 0 3 , W0 3 , ZnO, Nb 2 0 5 , 
CdS, ZnS, Are PbS, Bi 2 S 3 , CdSe, CdTe, GaP, InP, GaAs, CuInS 2 , or CuInSe 2 , and more preferably, Ti0 2 , Sn0 2 , 
and Fe 2 0 3 , W0 3 , ZnO, Nb 2 0 5 , CdS, PbS, It is CdSe, InP, GaAs, CuInS 2 , or CuInSe 2 , is Ti0 2 or Nb 2 0 6 especially 
preferably, and is Ti0 2 most preferably. 

[0054]A single crystal or polycrystal may be sufficient as a semiconductor used for this invention. Although 
a single crystal from a viewpoint of conversion efficiency is preferred, from viewpoints of a manufacturing 
cost, raw-material reservation, an energy payback time, etc., polycrystal is preferred. 

[0055]Although particle diameter of the above-mentioned semiconductor particulate is generally an order of 
nm-mu m, it is preferred that mean particle diameter of a primary particle for which it asked from a diameter 
when a project area was converted into a circle is 5-200 nm, and its 8-100 nm is more preferred. As for 
mean particle diameter of a semiconductor particulate (aggregated particle) in dispersion liquid mentioned 
later, 0.01-100 micrometers is preferred. Two or more kinds of particles from which particle size distribution 
differs may be mixed, and it is preferred that average size of small particles is 5 nm or less in this case. 
Particle diameter is big in order to scatter incident light and to raise an optical capturing rate, for example, 
an about 300-nm semiconductor particle may be mixed. 

[0056]As a method of producing the above-mentioned semiconductor particulate, a company of the Sumio 
Sakuhana "science of sol-gel method" (1998) AGUNE ** style, A sol-gel method given in 
"thin-layer-coating art by a sol-gel method" (1995), etc. of TECHNICAL INFORMATION INSTITUTE, Tadao 
Sugimoto "composition of a monodisperse particle by the new synthetic method gel -**** method, and size 
gestalt control" — wait — **** The 35th volume The gel -**** method given in p.1 01 2-1 01 8 is preferred 
No. 9 (1996). A method of producing an oxide for a chloride which Degussa developed by 
elevated-temperature hydrolysis in an acid water matter salt is also preferred. 

[0057]When the above-mentioned semiconductor particulate is titanium oxide, each of above-mentioned 
sol-gel methods, gel methods, and elevated-temperature hydrolysis methods in inside of an acid 

water matter salt of a chloride is preferred, and can also use a sulfuric acid method and a chlorine method of 
a statement for Seino study "titanium oxide physical-properties and applied technology" (1 997) Gihodo 
Shuppan further. In addition, as a sol-gel method, it is a journal OBU American ceramic society of varves. 
The 80th volume No. 12 (1997) A method given in p.31 57-31 71, Chemical MATERIARUZU of burn sides The 
10th volume A method given in p.241 9-2425 is also preferred No. 9. 

[0058]When forming the above-mentioned semiconductor particle layer, in order to apply a semiconductor 
particulate on a conductive substrate, an above-mentioned sol-gel method other than a method of applying 
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dispersion liquid or a colloidal solution of a semiconductor particulate on a conductive substrate, etc. can 
also be used. When fertilization of a dye sensitizing type solar cell, the physical properties of semiconductor 
particulate liquid, the flexibility of a conductive substrate, etc. are taken into consideration, a wet film 
production method is comparatively advantageous. As the wet film production method, the applying method 
and print processes are typical. 

[0059]When compounding a method and a semiconductor which are distributed while grinding as a method of 
producing dispersion liquid of the above-mentioned semiconductor particulate using a method and a mill 
which are mashed with a mortar other than an above-mentioned sol-gel method, a method of depositing as 
particles and using it as it is in a solvent, etc. are preferred. 

[0060]As the above-mentioned carrier fluid, it is usable in water or various kinds of organic solvents, and 
methanol, ethanol, isopropyl alcohol, dichloromethane, acetone, acetonitrile, ethyl acetate, etc. are preferred 
as an organic solvent. These may be used independently and may use two or more sorts together. In the 
case of distribution, a polymer, a surface-active agent, acid, a chelating agent, etc. may be used as a 
distributed auxiliary agent if needed. 

[0061 ]As the above-mentioned coating method, the air knife method, the braid method, etc. the roller 
method, a dip method, etc. as a meter ring system as an application system as that where application and a 
meter ring are made at identical parts, The slide hopper method given in the wire bar method, a U.S. Pat. No. 
2681294 item specification, a U.S. Pat. No. 2761419 item specification, a U.S. Pat. No. 2761791 item 
specification, etc. which are indicated by JP,58-4589,B, the extrusion method, the curtain method, etc. are 
preferred. Spin method and a spray method are also preferred as a general aviation. As a wet printing 
method, letterpress, offset, and the three major print processes of photogravure are begun, and an intaglio, 
a rubber plate, screen-stencil, etc. are preferred. According to liquid viscosity or wet thickness, a desirable 
film production method is chosen from these. 

[0062]Viscosity of dispersion liquid of the above-mentioned semiconductor particulate is greatly influenced 
with additive agents, such as a kind of semiconductor particulate, dispersibility and a use solvent kind, a 
surface-active agent, and a binder. In a viscous liquid (for example, 0.001 - 50 Pa-s), the extrusion method, 
the cast method, screen printing, etc. are preferred. It is able for the slide hopper method, the wire bar 
method, or spin method to be preferred, and to make it a uniform film with hypoviscosity liquid (for example, 
0.01 or less Pa-s). If there is a certain amount of coverage, spreading according to the extrusion method 
also by a case of hypoviscosity liquid is possible. Thus, what is necessary is just to choose a wet film 
production method suitably according to viscosity of coating liquid, coverage, a base material, spreading 
speed, etc. 

[0063]The layer of the above-mentioned semiconductor particulate can carry out multilayer spreading of 
the dispersion liquid of a semiconductor particulate with which not only a monolayer but particle diameter is 
different, or can also carry out multilayer spreading of the coating layer containing a semiconductor 
particulate (or a different binder, an additive agent) from which a kind differs. Also when thickness is 
insufficient, multilayer spreading is effective at one-time spreading. The extrusion method or the slide 
hopper method is suitable for multilayer spreading. When carrying out multilayer spreading, a multilayer may 
be applied simultaneously, and two coats may be given one by one about ten times from several times. When 
giving two coats one by one, screen printing can also be used preferably. 
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[0064]Since support pigment quantity per unit project area increases so that thickness (it is the same as 
thickness of a photosensitive layer) of a semiconductor particle layer generally becomes thick, a capturing 
rate of light becomes high, but since the generated diffusion length of electron increases, a loss by electric 
charge recombination also becomes large. Therefore, desirable thickness of a semiconductor particle layer 
is 0.1-100 micrometers. When using for a dye sensitizing type solar cell, as for thickness of a semiconductor 
particle layer, 1-30 micrometers is preferred, and its 2-25 micrometers are more preferred. Per base 
material 1m 2 of a semiconductor particulate, as for coverage, 0.5-400g are preferred, and 5-1 OOg are more 
preferred. 

[0065] Heat-treating is preferred in order to raise improvement in film strength, and adhesion with a base 
material, while contacting semiconductor particulates electronically after applying the above-mentioned 
semiconductor particulate on a conductive substrate. As desirable cooking temperature, it is not less than 
40 **, and is less than 700 **. It is not less than 100 ** more preferably, and is 600 ** or less. Cooking time 
is 10 minutes - about 10 hours. When using a low base material of the melting point or softening 
temperature like a polymer film, high temperature processing is not preferred in order to cause degradation 
of a base material. It is preferred that it is low temperature as much as possible also from a viewpoint of 
cost. Low temperature-ization becomes possible by concomitant use of the small semiconductor 
particulate of 5 nm or less described previously, heat-treatment under existence of mineral acid, etc. 
[0066]Electrochemical plating treatment using chemical plating and titanium trichloride solution using a 
titanium tetrachloride aqueous solution may be performed after the above-mentioned heat-treatment for 
the purpose of increasing surface area of a semiconductor particulate, or raising purity near the 
semiconductor particulate and raising electron injection efficiency from coloring matter to semiconductor 
particles. 

[0067]As for the above-mentioned semiconductor particulate, what has large surface area is preferred so 
that much coloring matter can be adsorbed. For this reason, as for surface area in the state where a layer of 
a semiconductor particulate was applied on a base material, it is preferred that they are 10 or more times to 
a project area, and it is more preferred that they are 100 or more times. As a maximum, they are usually 
about 1000 times. 

[0068]As coloring matter used for a photosensitive layer of a dye sensitizing type solar cell of this invention, 
In order to have absorption in various light ranges and infrared light fields and to make it stick to a 
semiconductor layer firmly, What has interlock groups, such as a carboxyl group, an alkoxy group, hydroxyl, a 
hydroxyalkyl group, a sulfonic group, an ester group, a sulfhydryl group, and a phosphonyl group, in a dye 
molecule is preferred. An interlock group provides electrical coupling which makes easy electron transfer 
between coloring matter of an excitation state, and a conducting zone of a semiconductor. As such coloring 
matter, ruthenium BIBIRIJIN system coloring matter, azo dye, Quinone system coloring matter, quinonimine 
system coloring matter, quinacridone series coloring matter, squarylium system coloring matter, Cyanine 
dye, merocyanine system coloring matter, triphenylmethane dye, a xanthene dye, Pori Phi Lynne system 
coloring matter, phthalocyanine system coloring matter, BERIREN system coloring matter, an indigo pigment, 
naphthalocyanine system coloring matter, etc. are preferred. In this invention, while making a wavelength 
band of photoelectric conversion large as much as possible, in order to raise conversion efficiency, two or 
more kinds of coloring matter may be mixed. In this case, it is preferred to choose coloring matter mixed so 
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that it may double with a wavelength band and intensity distribution of a light source, and its rate. 
[0069]A method of making coloring matter stick to the above-mentioned semiconductor particulate, and 
immersing a conductive substrate which has the semiconductor particle layer dry well in a solution of 
coloring matter as a method, or applying a solution of coloring matter to a semiconductor particle layer is 
preferred. The above-mentioned coloring matter which functions as a solution of coloring matter as a 
photosensitizer is dissolved in a solvent. In the case of the former, dip coating, a dip method, the roller 
method, the air knife method, etc. are preferred. In the case of dip coating, adsorption of coloring matter 
may be performed at a room temperature, and it may carry out by carrying out heating flowing back as 
indicated to JP,7-249790,A. As a latter coating method, the wire bar method, the slide hopper method, the 
extrusion method, the curtain method, spin method, a spray method, etc. are preferred, and letterpress, 
offset, photogravure, screen-stencil, etc. are preferred as a printing method. According to the solubility of 
coloring matter, can choose a solvent suitably, and Methanol, ethanol, Alcohols, such as t-butanol and 
benzyl alcohol; Acetonitrile, Nitril; nitromethanes, such as propionitrile and 3-methoxy propionitrile; 
Dichloromethane, Halogenated hydrocarbon, such as a dichloroethane, chloroform, and chlorobenzene; 
Diethylether, ether [, such as a tetrahydrofuran, ]; — dimethyl sulfoxide; — N.N-dimethylformamide. amide [, 
such as N,N-dimethyl acetamido, ]; — N-methyl-pyrrolidone; — 1 ,3-dimethylimidazolidinone; — 3-methyl 
oxazolidinone; — ethyl acetate. Ester species, such as butyl acetate; hydrocarbon of **, such as ketone; 
hexane, such as carbonic ester; acetone, such as diethyl carbonate, ethylene carbonate, and propylene 
carbonate, 2-butanone, and cyclohexanone, petroleum ether, benzene, and toluene, these mixed solvents, 
etc. are preferred. These may be used independently and may use two or more sorts together. 
[0070]About viscosity of a solution of the above-mentioned coloring matter as well as the time of formation 
of a semiconductor particle layer. In a viscous liquid (for example, 0.001 - 50 Pa~s), the extrusion method, 
various print processes, etc. are preferred, and it is possible to use a film with the slide hopper method, the 
wire bar method or preferred spin method, and uniform all with hypoviscosity liquid (for example, 0.1 or less 
Pa-s). Thus, what is necessary is just to choose an adsorption method of coloring matter suitably according 
to viscosity of coating liquid of coloring matter, coverage, a conductive substrate, spreading speed, etc. 
When fertilization is considered, as short the one of time which coloring matter adsorption after spreading 
takes as possible is good. 

[0071]Since existence of unadsorbed coloring matter becomes the disturbance of element performance, it 
is preferred that washing removes promptly after adsorption, and it is preferred that use a wet cleaning tank 
and organic solvents, such as polar solvents, such as acetonitrile, and an alcohols solvent, wash. In order to 
increase the amount of adsorption of coloring matter, heat-treating before adsorption is preferred. After 
heat-treatment, in order to avoid that water sticks to the semiconductor particulate surface, it is preferred 
to make coloring matter adsorb quickly among 40-80 **, without returning to ordinary temperature. 
[0072]As amount of all [ used ] of the above-mentioned coloring matter, it is preferred to be referred to as 
per [ unit surface area (1 m 2 ) / 0.01 ] - lOOmmol of a conductive substrate. As for the amount of adsorption 
to a semiconductor particulate of coloring matter, it is preferred to be referred to as per [ semiconductor 
particulate 1g / 0.01 ] - 1mmol. Thereby, the sensitization effect in a semiconductor is fully acquired. If 
there is too little coloring matter, the sensitization effect will become insufficient, and if there is too much 
coloring matter, coloring matter which has not adhered to a semiconductor will float, and it becomes the 
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cause of reducing the sensitization effect. Coadsorption of the colorless hydrophobic compound may be 
carried out to a semiconductor particulate in order to reduce an interaction of the coloring matter like a 
meeting. As a hydrophobic compound which carries out coadsorption, a steroid compound (for example, 
chenodexycholic acid) etc. which have a carboxyl group are preferred. An ultraviolet ray absorbent can also 
be used together. 

[0073]In a semiconductor layer with the above-mentioned photo conductor, it is the purpose of promoting 
removal of excessive coloring matter, and after adsorbing coloring matter, amines may be used and the 
surface of a semiconductor particulate may be processed. As amines, pyridine, 4-t-butylpyridine, polyvinyl 
pyridine, etc. are preferred. When these are fluids, it may use as it is, and it may dissolve and use for an 
organic solvent. 

[0074](3) Although a oxidation reduction system composition substance of a couple which consists of an 
oxidant and a reduced form should just be contained in a solvent as an electrolyte used by a charge transfer 
layer in a dye sensitizing type solar cell of charge transfer layer this invention, a oxidation reduction system 
composition substance in which an oxidant and a reduced form have the same electric charge is preferred. 
A oxidation reduction system composition substance as used in an oxidation-reduction reaction in this 
specification means a substance of a couple which exists in a form of an oxidant and a reduced form 
reversibly. As a oxidation reduction system composition substance which can be used by this invention, 
Chlorine compound-chlorine, iodine compound-iodine, bromine compound-bromine, thallium ion 
(III)— thallium ion (I), Mercury ion (Il)-mercury ion (I), ruthenium ion (Ill)-ruthenium ion (II), Copper-ion 
(Il)-copper-ion (I), iron ion (III)— iron ion (II), Vanadium-ions (IH)-vanadium-ions (II), manganic acid ion 
permanganic acid ion, ferricyanide-ferrocyanide, quinone hydroquinone, fumaric acid-succinic acid, etc. are 
preferred. Also in these, iodine compound-iodine has it and as an iodine compound, [ preferred ] Iodination 
quarternary-ammonium-salt compounds, such as metal iodide; tetra alkylammonium iodide, such as lithium 
iodide and potassium iodide, and pyridiniumiodide; especially iodination JIIMIDAZORIUMU compounds, such 
as iodination dimethylpropyl imidazolium, are preferred. 

[0075]A compound which dissolved a oxidation reduction system composition substance and was excellent 
in ion conductivity as a solvent used in order to dissolve the above-mentioned electrolyte is preferred, and 
although it may be an aqueous solvent and may be an organic solvent, since a oxidation reduction system 
composition substance is stabilized more, an organic solvent is preferred. As an organic solvent, dimethyl 
carbonate, diethyl carbonate, Carbonate compounds, such as methylethyl carbonate, ethylene carbonate, 
and propylene carbonate; Methyl acetate, Ester compounds, such as methyl propionate and a gamma 
butyrolactone; Diethylether, 1 ,2-dimethoxyethane, a 1,3-dioxosilane, a tetrahydrofuran, Ether compounds, 
such as 2-methyltetra hydra franc; 3-methyl-2-OKISAZOJI linon, Heterocyclic compounds, such as 
2-methyl pyrrolidone; Acetonitrile, methoxy acetonitrile, Nitryl compounds, such as propionitrile; aprotic 
polar compounds, such as sulfolane, JIJIME chill sulfoxide, and dimethylformamide, etc. are preferred, and 
one sort or two sorts or more can be used. Also in these, especially nitryl compounds, such as heterocyclic 
compound; acetonitrile, such as carbonate compound;3-methyl-2-OKISAZOJI linon, such as ethylene 
carbonate and propylene carbonate, and 2-methyl pyrrolidone, methoxy acetonitrile, and propionitrile, are 
preferred. 

[0076]Both a fluid a solid and a gel electrolyte can be used as the above-mentioned charge transfer layer. 
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To especially improvement in photoelectric conversion efficiency, a liquid electrolyte is preferred. A liquid 
spill of an electrolytic solution can be prevented by filling up porous support with a liquid electrolyte. As 
porous support usable to such a purpose, a separator or a nonwoven fabric used for a barrier filter 
(membrane filter), a primary battery, a rechargeable battery, etc. is suitably applicable, for example. When it 
has the opening especially penetrated to a normal line direction to a porous support side, since there are 
few operations from which the porous support itself prevents movement of a redox couple, high 
photoelectric conversion efficiency is acquired. 

[0077]As construction material of a barrier filter used as the above-mentioned porous support, what 
consists of polyester, such as polyolefines, such as glass fiber, polypropylene, and polyethylene, and 
polyethylene terephthalate, is preferred. 

[0078]As construction material of a separator used as the above-mentioned porous support, or a nonwoven 
fabric, Polypropylene, polyolefine [, such as polyethylene, ]; — polyester [, such as polyethylene 
terephthalate ]; — polyamide; — poly FERIREN sulfide; — vinyon (copolymer of VCM/PVC and vinyl 
acetate); — polyimide; — vinylon (acetalization polyvinyl alcohol) etc. are preferred. A separator or a 
nonwoven fabric of such construction material may be used independently, it may composite-ize two or 
more sorts, and they may be used for it. Here, "a composite-ized nonwoven fabric" uses either melt 
spinning / extended blend roll nonwoven fabric or two kinds of materials as a core, after blending two kinds 
of materials, and thermal melting arrival is a nonwoven fabric of a sheath-core structural form to carry out 
about a bicomponent fiber (conjugate type textiles) in which another side covers the circumference. For 
example, a nonwoven fabric of a thermal melting arrival type which used polypropylene of a high-melting 
point for a core component, and used polyethylene of a low melting point for a sheath component is known 
well. 

[0079]Thickness of the above-mentioned porous support is prescribed by spacing of a photosensitive layer 
and a counter electrode. However, as for thickness of porous support, generally, 1 mm or less is preferred. 
When thickness of porous support exceeds 1 mm, there is a possibility that migration length of a redox 
couple in a charge transfer layer may become long, a transfer reaction of an electron through a redox couple 
may become rate-limiting, and photoelectric conversion efficiency may fall. 

[0080]losing space of the above-mentioned photosensitive layer and a counter electrode will lose a charge 
transfer layer portion which maintaining structure by porous support does not commit — that — the very 
thing leads to liquid leakage prevention and improvement in reliability. However, setting it as the assembler 
and forcing two poles mutually strongly, in order to lose space of a photosensitive layer and a counter 
electrode may destroy a photosensitive layer and a counter electrode mechanically, and it may become a 
factor which reduces photoelectric conversion efficiency. Therefore, it is preferred to establish interval of 
at least 1 micrometers or more between a photosensitive layer and a counter electrode, and to prevent 
mechanical destruction of this photosensitive layer and a counter electrode. Therefore, it is preferred to be 
referred to as 1 micrometers or more as thickness of porous support provided between a photosensitive 
layer and a counter electrode. 

[0081]Since a charge transfer layer in a dye sensitizing type solar cell of this invention is constituted, when 
using porous support, it is preferred that porosity (porosity) uses a porosity raw material which is 30 to 80% 
as the porous support. There is a possibility that an effect that porous support bars movement of a redox 

19 



JP 2003-223939 

couple as it is less than 30% may become large, a transfer reaction of an electron through a redox couple 
may become rate-limiting, and photoelectric conversion efficiency may become low. When it exceeds 80%, 
an aperture becomes large, electrolytic solution retention capacity by capillary action declines, and there is 
a possibility that sufficient liquid leakage depressor effect may no longer be acquired. 
[0082](4) The counter electrode above-mentioned counter electrode acts as an anode, when an 
optoelectric transducer is used as a dye sensitizing type solar cell. Like the above-mentioned conductive 
substrate, layer structure of a counter electrode conductive layer which consists of conductive materials 
may be sufficient as a counter electrode, and it may comprise a counter electrode conductive layer and a 
supporting board. As a conducting material used for a counter electrode conductive layer, conductive 
metallic oxide, such as what doped fluoride, etc. are suitable for metal; carbon; indium tin multiple oxides, 
such as platinum, gold, silver, copper, aluminum, rhodium, and indium, and tin oxide. As a supporting board 
used for a counter electrode, a glass substrate or a plastic plate is preferred, it applies or vapor-deposits 
and the above-mentioned conducting agent is used for this. As thickness of a counter electrode conductive 
layer, 3 nm - 10 micrometers are preferred. When a counter electrode conductive layer is metal, the 
thickness is 5 micrometers or less preferably, and is 5 nm - 3 micrometers still more preferably. 
[0083]Since it may irradiate with light from both the above-mentioned conductive substrate, and both 
[ either or ], in order for light to reach a photosensitive layer, it is good if at least one side is substantially 
transparent among a conductive substrate and a counter electrode. It is preferred to make a conductive 
substrate transparent from a viewpoint of improvement in generation efficiency, and to enter light from the 
conductive substrate side. In this case, as for a counter electrode, it is preferred to have the character to 
reflect light. As such a counter electrode, glass or a plastic, a metal thin film, etc. which vapor-deposited 
metal or a conductive oxide are preferred. 

[0084]2 passage in a case where it provides on it as a procedure of providing the above-mentioned counter 
electrode after forming a (b) charge transfer layer, and a case of filling up the opening with an electrolytic 
solution, after arranging a counter electrode via a spacer on a (**) photosensitive layer is. (**) a case — a 
charge transfer layer top — a direct conducting material — spreading, plating, or vacuum evaporation (PVD, 
CVD) — stick the conductive layer side of a substrate which carries out or has a conductive layer. An open 
end of an assembly obtained by assembling a counter electrode and fixing via a base material (spacer) on a 
photosensitive layer is immersed in an electrolytic solution, and an electrolytic solution is made to permeate 
an opening of a photosensitive layer and a counter electrode using capillarity or decompression in (**). As 
well as a case of a conductive substrate when especially a counter electrode is transparent, it is preferred 
to use a metal lead in order to lower resistance of a counter electrode. A fall of incident light quantity by 
desirable construction material of a metal lead and an installation method, and metal lead installation is the 
same as a case of a conductive substrate. 

[0085](5) a conductive substrate which acts as an electrode in a dye sensitizing type solar cell of other 
layer this inventions in addition to (1) conductive substrate mentioned above, (2) photosensitive layers, (3) 
charge transfer layers, and (4) counter electrodes, and a counter electrode — on the other hand — or 
functional layers, such as a protective layer and an antireflection layer, etc. may be provided in both. When 
forming such a functional layer in a multilayer, the simultaneous multilayer applying method and the serial 
applying method can be used, but from a viewpoint of productivity, the simultaneous multilayer applying 

20 



JP 2003-223939 

method is preferred. In the simultaneous multilayer applying method, the slide hopper method and the 
extrusion method are suitable from a viewpoint of productivity and the homogeneity of a coat. Vacuum 
deposition, the sticking method, etc. can be used for formation of these functional layers according to the 
construction material. Since a short circuit of a counter electrode and a conductive substrate is prevented, 
a thin film layer of a conductive substrate and a semiconductor precise between photosensitive layers can 
also be beforehand painted as an under coat. Materials of an under coat are Ti0 2 , Sn0 2 , and Fe 2 0 3 , W0 3 , 
ZnO, and/or Nb 2 0 5 preferably, and are Ti0 2 still more preferably. An under coat can be painted by 
Electrochimi.Acta and the spray pyrolysis method indicated to 40(1 995)p. 643-652. Desirable thickness of an 
under coat is not less than 5 nm, and is 1000 nm or less. More preferably, it is not less than 10 nm, and is 
500 nm or less. 

[0086]As mentioned above, an internal structure of an optoelectric transducer which constitutes a dye 
sensitizing type solar cell is doubled with the purpose, and various gestalten are possible for it. If it roughly 
divides into two, structure which can enter both sides to light, and a structure possible only from one side 
are possible. An internal structure of an optoelectric transducer preferably applicable to this invention at 
drawing 1 - drawing 6 is illustrated. 

[0087]A photosensitive layer and a charge transfer layer are made to intervene between a conductive layer 
(conductive substrate) and a counter electrode conductive layer, a substrate is further arranged on a 
counter electrode conductive layer, and drawing J and drawing 2 form a counter electrode. Drawing 3 , 
drawing 4 , and drawing 5 provide a photosensitive layer, a charge transfer layer, and a counter electrode 
conductive layer on a conductive layer (conductive substrate) at this order, and also a substrate is arranged, 
and a gestalt holding material (base material) is used for gap maintenance. In drawing 3 , a lead lead has 
provided the part into a charge transfer layer, and these are closed by lead covering material. In drawing 4 , 
a metal lead has provided the part on a conductive layer (inside of a photosensitive layer), and into a 
counter electrode conductive layer. In drawing 5 , a metal lead has provided the part on a conductive layer 
(inside of a photosensitive layer), and into a counter electrode conductive layer, and a metal lead in a 
photosensitive layer is closed by lead covering material. In drawing 1 - 5, it has structure where light enters 
from one side or both sides by making transparent a conductive layer, a counter electrode conductive layer, 
and a substrate. Drawing 6 has a transparent conductive layer on one field of a transparent substrate, and a 
cell which provided a photosensitive layer, a charge transfer layer, and a counter electrode conductive layer 
further on this is modularized. In drawing 6 , each module which constitutes a solar cell is being fixed on a 
transparent substrate by a gestalt holding material which has an adhesion role. In drawing 6 , an 
antireflection layer (not shown) may be provided in a field of another side of a transparent substrate again. 
When considering it as such a structure, in order to raise utilization efficiency of incident light, it is preferred 
to enlarge an area ratio (area ratio when it sees from the substrate side which is an entrance plane of light) 
of a photosensitive layer. Drawing 1 - a gestalt of six can also be used together. 

[0088]It is made to make a dye sensitizing type solar cell of this invention work to an optoelectric 
transducer mentioned above in an external circuit. As for such a dye sensitizing type solar cell, in order to 
prevent degradation of a structure and vaporization of contents, it is preferred to close the side with a 
polymer, adhesives, etc. Under the present circumstances, even if it is preferred to close using a charge of 
the material between solar battery layers of this invention and electrolytes which constitute a charge 
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transfer layer are a fluid, a solid, and gel any, that disclosure can fully be prevented and, moreover, 
prolonged reliability can be secured. The external circuit itself connected to a conductive substrate and a 
counter electrode via a lead may be publicly known. In a dye sensitizing type solar cell of this invention, a 
sealing agent for reinforcing an edge part of substrates, such as a conductive substrate, in addition to such 
a sealing agent, lead covering material, a formation holding material, etc. may be formed using a charge of 
the material between solar battery layers mentioned above. 

[0089]A charge of the material between solar battery layers of this invention can be used conveniently also 
for solar cells other than a dye sensitizing type solar cell. When applying an optoelectric transducer which 
uses a charge of the material between solar battery layers of this invention to what is called a solar cell, 
structure inside the cell is the same as structure of a dye sensitizing type solar cell fundamentally 
mentioned above. Hereafter, a modular structure of a solar cell using an optoelectric transducer which uses 
a charge of the material between solar battery layers of this invention is explained. 

[0090]The above-mentioned solar cell can take the fundamentally same modular structure as the 
conventional solar cell module. Although a cell is constituted on supporting boards, such as metal and 
ceramics, a solar cell module generally covers an it top with filling resin, cover glass, etc. and structure of 
incorporating light from an opposite hand of a supporting board is taken, It is also possible to consider it as 
structure of using transparent materials, such as tempered glass, for a supporting board, constituting a cell 
and incorporating light from the transparent supporting board side on it. A substrate integral-type modular 
structure etc. which are specifically used with a modular structure called a super straight type, a substrate 
type, and a potting type, an amorphous-silicon solar cell, etc. are known. With the purpose of use, a service 
space, and environment, a solar cell can also choose these modular structures suitably. 
[0091 ]A typical super straight type or a substrate type module, A cell is arranged at a constant interval 
between supporting boards by which one side or both sides were transparent, and acid-resisting processing 
was performed to them, adjacent cells are connected by a metal lead or flexible wiring, a current collection 
electrode is arranged in an outer edge section, and generated electric power has structure taken out 
outside. Although plastic material of various kinds, such as ethylene vinyl acetate (EVA), may be used in a 
form of a film or filling resin between a substrate and a cell according to the purpose for protection of a cell, 
or improvement in collecting efficiency, the above-mentioned charge of the material between solar battery 
layers is suitably applicable. When using the surfaces, such as a place with few shocks from the outside, at 
a place without wrap necessity for a hard raw material, it is possible by constituting a surface protection 
layer from a transparent plastic film, or stiffening the above-mentioned filling resin to give a protection 
feature and to lose a supporting board of one side. The circumference of a supporting board is fixed to 
sandwich shape with metal frames in order to secure internal seal and modular rigidity, and the sealing seal 
of between a supporting board and a frame is carried out with a sealing material. If a flexible raw material is 
used for the cell itself, a supporting board, a packing material, and a sealing material, a solar cell can also be 
constituted on a curved surface. 

[0092]A solar cell module of the above-mentioned super straight type, For example, after laminating a cell 
one by one with a sealing material-cell indirect continued use lead, a back sealing material, etc. on it, 
conveying a front substrate sent out from a substrate feeder on a conveyor belt etc., a back substrate or a 
back cover can be put, and a frame can be set and produced to an outer edge section. 
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[0093]After laminating a cell one by one with a cell indirect continued use lead, a sealing material, etc. on it 
on the other hand, conveying a supporting board sent out from a substrate feeder on a conveyor belt etc. in 
a substrate type case, a front cover can be put, and a frame can be set and produced to an edge part. 
[0094]The what case has the structure which carried out substrate integral-type modularization as an 
optoelectric transducer which uses a charge of the material between solar battery layers of this invention is 
explained using drawing 6 . It has a transparent conductive layer on one field of a transparent substrate, a 
cell which provided a photosensitive layer, a charge transfer layer, and a counter electrode conductive layer 
which contained coloring matter adsorption Ti0 2 further on this is modularized, and drawing 6 has the 
structure where an antireflection layer (not shown) is provided in a field of another side of a transparent 
substrate. When considering it as such a structure, in order to raise utilization efficiency of incident light, it 
is preferred to enlarge an area ratio (area ratio when it sees from the substrate side which is an entrance 
plane of light) of a photosensitive layer. 

[0095]In the case of a module of structure shown in drawing 6 , so that a transparent conductive layer, a 
photosensitive layer, a charge transfer layer, a counter electrode, etc. may be arranged with 
three-dimensional and a constant interval on a substrate, Semiconductor process technique, such as 
selective plating, selective etching, CVD, and PVD, Or laser scribing after pattern spreading or double width 
spreading, plasma CVM (it indicates in Solar EnergyMaterials and Solar Cells, 48, and p. 373-381 grade), A 
desired modular structure can be acquired by patterning with the mechanical techniques, such as grinding, 
etc. 

[0096]Below, other members and processes are explained. Although it is preferred to use a charge of the 
material between solar battery layers mentioned above as the above-mentioned sealing material, according 
to the purpose, a mixture of liquefied EVA (ethylene vinyl acetate) and film state EVA, a vinylidene fluoride 
copolymer, and an acrylic resin, etc. can also be used. It is preferred between frames surrounding a module 
rim and a periphery to use a sealing material with high weatherability and dampproofing, and the 
above-mentioned charge of the material between solar battery layers is preferred also as such a sealing 
material. A transparent filler can be mixed in a sealing material and intensity and light transmittance can be 
raised. 

[0097]When the above-mentioned sealing material is fixed on a cell, a method suitable for the physical 
properties of material is used. In the case of material of film state, in the case of liquid, such as roll 
application-of-pressure afterbaking adhesion and vacuum application-of-pressure afterbaking adhesion, or 
a paste state material, it is usable in various methods, such as a roll coat, a bar coat, a spray coat, and 
screen-stencil. 

[0098]When using flexible materials, such as PET and PEN, as the above-mentioned supporting board, after 
letting out a rolled form base material and constituting a cell on it, a sealing layer can be continuously 
laminated by an above-mentioned method, and high productivity is obtained. 

[0099]In the above-mentioned solar cell, in order to raise generation efficiency, acid-resisting processing is 
performed to the surface of a substrate (generally tempered glass) by the side of optical incorporation of a 
module. There is a method of coating a method and an antireflection layer which laminate an antireflection 
film as an acid-resisting disposal method. It is possible by processing the surface of a cell by methods, such 
as grooving or texturing, to raise utilization efficiency of light which entered. 
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[0100]In the above-mentioned solar cell, in order to raise generation efficiency, it is primary importance to 
incorporate light in a module without a loss, but it is also important to reflect light which penetrated a 
photoelectric conversion layer and reached to the inside, and to return to the photoelectric conversion 
layer side efficiently. Methods of raising reflectance of light include a method of vapor-depositing or plating 
Ag, aluminum, etc., a method of providing alloy layers, such as aluminum-Mg or aluminum-Ti, in the bottom 
of the heap of a cell as a reflecting layer, a method of making texture structure to the bottom of the heap by 
annealing treatment, etc., after carrying out mirror polishing of the supporting board side. 
[01 01 ]It is important to make connection resistance between cells small, in order to raise generation 
efficiency in a meaning which suppresses internal voltage descent. Although connection by wire bonding and 
a conductive flexible sheet is common as a method of connecting cells, While a cell is fixed using conductive 
adhesive tape or electroconductive glue, a method of carrying out pattern spreading, etc. are in a position of 
a request of a method and conductive hot melt which are electrically connected. 

[0102]After in the case of a solar cell using flexible support, such as a polymer film, forming a cell one by 
one and cutting in desired size by an above-mentioned method, sending out a rolled form base material, a 
cell proper is producible by carrying out the seal of the edge part for a raw material which is flexible and has 
dampproofing. It can also be considered as Solar Energy Materialsand Solar Cells, 48, and a modular 
structure called "SCAF" of a statement to p. 383-391. It can also be used for them, carrying out adhesion 
fixing of the solar cell using flexible support to curved-surface glass etc. As mentioned above, a solar cell 
which has various shape and functions according to the purpose of use or an operating environment can be 
manufactured. 
[0103] 

[Example]Although an example is given to below and this invention is explained to it still in detail, this 
invention is not limited only to these examples. Especially, as long as there is no notice, a "part" shall mean 
a "weight section." 

[0104]resin of 1180(made by Ciba-Geigy):430g of manufacture (1) phenol novolak-type-epoxy-resin EPN 

(2) of the precursor resin A, and (1) — 2,2,6,6-tetramethylpiperidine 1-oxyl: — 0.2 g was added. 

(3) Styrene (360g) was added to methacrylic acid (52g) and the liquid of (4) which added triethylamine (0.5g) 
4 times at intervals of 30 minutes at 1 10 **, and (3) under the air air current (2). 

(5) It held at 120 ** after the end of an injection for 6 hours. 

(6) Oxidation The reaction was ended by 7 mgKOH/g. 

Tetramethylthiuram monosulfide (0.4g) and NAFUCHIN **** (0.1 g) were added to the liquid of (7) and (6). 
[0105]The resin composition was manufactured by the combination shown in the Examples 1-7 and 
comparative example 1 table 1, by the curing conditions shown in Table 1, the gap was made from silicone 
rubber etc. between glass plates, the resin composition was poured and stiffened there, and the sample of 
the shape shown in Table 1 was produced. Tg measurement and solvent resistance evaluation were 
performed using this sample. Light was irradiated with and stiffened in Example 6. The optical exposure used 
HB-25103BYC (a trade name, the USHIO, INC. make). It evaluated by producing a solar cell by the following 
method using the resin composition manufactured by Examples 1-7 and the comparative example 1. 
[0106] 
[Table 1] 
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[0107]Table 1 is explained below. KBM-503 (trade name) is a radical polymerization type silane coupling 
agent by the Shin-etsu chemicals company, and with TSF-401 (trade name). Are the Toshiba Silicone 
defoaming agent and with the par butyl 0 (trade name). Are a polymerization initiator by Nippon Oil & Fats 
Co., Ltd., and with A187 (trade name). Are the epoxy Nippon Unicar hardening type silane coupling agent, 
and in W-9010 (trade name). Are an adhesiveness-reducing agent and with kaya melic M (trade name). It is 
a polymerization initiator by Kayaku AKZO Corp., and accelerator VE (trade name) is a polymerization 
accelerator by NIPPON SHOKUBAI Co., Ltd., in 328E (trade name), it is a polymerization initiator by Kayaku 
AKZO Corp., and IRGACURE184 (trade name) is the optical Ciba-Geigy radical generator. 
[0108]Tg and solvent resistance of the sample which were manufactured by Examples 1-7 and the 
comparative example 1 were measured by the following method, and the result was shown in Table 2 and 3. 
(1) Measurement TMA measurement (coefficient-of-thermal-expansion measurement) of Tg determined Tg 
of the resin composition (material between layers). 

measuring condition: — heating rate 5 ** / min temperature-up pattern: — 25-200 ** measuring device: — 
TMA-50 (a trade name, the Shimadzu Corp. make) 

Sample: Use the sample produced by Examples 1-7 and the comparative example 1. 

[0109] 

[Table 2] 

[01 10](2) The sample was neglected at 60 ** in solvent resistance acetonitrile fluid, and mass increase and 
decrease estimated the solvent resistance of the material between layers. The curing conditions of the 
material between layers (resin composition) are the method indicated to Table 1, made the predetermined 
gap using the gap holding material between glass plates, and they slush, deaerate and stiffened the resin 
composition so that air bubbles might not be included. 

Measuring condition: 30 g of acetonitrile and the hardened material 2g of the resin composition were put into 
the same container, and it was immersed by stirring for seven days at 60 **. The mass w (g) of the hardened 
material of the resin composition of seven days after was measured, the following formula estimated the 
mass change in the hardened material of a resin composition, and the rate of the amount of hardened 
materials of the resin composition after the solvent immersion to the amount of hardened materials of the 
resin composition before solvent immersion was measured. 

the amount of hardened materials of the resin composition after the solvent immersion to the amount of 
hardened materials of the resin composition before solvent immersion — comparatively — w(g) / (%) ={2 (g)} 
x100 sample: — the sample produced by Examples 1-7 and the comparative example 1 — use. 
[0111] 
[Table 3] 

[01 12](3) Solar cell evaluation (cell manufacturing method) 
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semiconductor electrode: — a titania — sol (the Ishihara Sangyo Kaisha, Ltd. make, trade name "STS-21") 
— a FTO board (the Nippon Glass Co., Ltd. make.) It dried at 100 ** behind the spin coat, heat treatment 
was performed to VZ01 9 and glass with a Sn0 2 film at 450 ** for 1 hour, and the porous-titanium-oxide thin 
film electrode was produced (2 micrometers of Ti0 2 thickness). 

The above-mentioned porous-titanium-oxide thin film electrode was immersed in the RuN3 coloring-matter 
(product [ made by Solaronix ], Ruthenium535-bis-TBA) ethanol solution of concentration 3.0x10 ~ 4 M for 10 
hours, and the porous-titanium-oxide thin film electrode to which RuN3 coloring matter stuck was produced. 
Electrolyte : 0.1 M lithium iodide 0.05M iodine 0.3M 1 ,2-dimethyl- 3-propyl, Imidazole, an iodine-salt 0.5M 
tert-butylpyridine solventacetonitrile measuring condition: Platinum membrane was formed by sputtering 
on light source:AM-1 .5 and a 100 mW/cm 2 electrode area:0.25-cm 2 counter electrode:FTO board, and the 
platinum electrode was produced. 

Closure: By the method indicated to Table 1, the resin composition of Examples 1-7 and the comparative 
example 1 was stiffened, and it closed. The surroundings of the Ti0 2 portion closed the seal part so that 
there might be no liquid leakage. 

As Example 8, the resin composition of Example 6 and the glass by Matsunami Glass Ind., Ltd. 
(name-of-article 0100 glass and 0.03 mm in thickness) were used together. The resin composition was used 
for the interface at adhesives. The unclosed cell was evaluated as the comparative example 2. 
[01 13](Deterioration test of a cell) The cell was neglected in a 40 ** dryer after producing a cell with the 
described method for 1 hour, and the cell after a deterioration test was produced. 

[01 14](Evaluation of an energy conversion efficiency) The solar cell was made to irradiate the light of the 
xenon lamp (made by USHIO, INC.) of 500W with imitation sunlight through a spectrum filter (the product 
made by Oriel, AM1.5), and light was entered from the substrate side of a semiconductor electrode. This 
light intensity was 100 mW/cm 2 . A crocodile clip is connected to electrically conductive glass and a platinum 
electrode (photoelectric-conversion area: 0.25-cm 2 ), respectively, using the generated electrical and 
electric equipment as a current potential measuring device — 487 by ammeter:KEITHLEY, function 
generator:Hokuto Denko Corp. make, HB-105, and POTENSHIO — a stud — it measured using :Hokuto 
Denko Corp. make and HA-5016. The energy conversion efficiency (eta) (%) was searched for by the lower 
type from open photoelectrical pressure (V) called for from this, short circuit photoelectric current density 
(mA/cm 2 ), and a fill factor. 

energy-conversion-efficiency (%) =(open photoelectrical pressure) (V)x(short circuit photoelectric current 
density) (mA/cm 2 ) x(fill factor)/100(mW/cm 2 )x100 — eventually, The above-mentioned energy conversion 
efficiency was evaluated about each sample, the maintenance factor of the energy conversion efficiency 
was computed by the lower type, and the result was shown in Table 4. 

Maintenance factor (%) =(energy conversion efficiency after deterioration test)/(energy conversion 
efficiency before deterioration test) x100 [0115] 
[Table 4] 

[0116] 

[Effect of the Invention]. Since the charge of the material between solar battery layers of this invention 
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consists of above-mentioned composition, constitute a solar cell. Are used in order to form a sealing agent, 
lead covering material, a gestalt holding material, etc., and disclosure of the electrolysis solvent and 
electrolyte which constitute the electrolyte layer in a closure cell is fully prevented, And it can make it 
possible to have the endurance and the safety which can secure prolonged reliability, and also to 
manufacture a solar cell simple, and can use conveniently for a dye sensitizing type solar cell. 
[Brief Description of the Drawings] 

[Drawing 1] It is a partial (photoelectricity sensing element) sectional view showing an example of a dye 
sensitizing type solar cell which uses the charge of the material between solar battery layers of this 
invention. 

[Drawing 2] It is a partial (photoelectricity sensing element) sectional view showing an example of a dye 
sensitizing type solar cell which uses the charge of the material between solar battery layers of this 
invention. 

[Drawing 3] It is a partial (photoelectricity sensing element) sectional view showing an example of a dye 
sensitizing type solar cell which uses the charge of the material between solar battery layers of this 
invention. 

[Drawing 4] It is a partial (photoelectricity sensing element) sectional view showing an example of a dye 
sensitizing type solar cell which uses the charge of the material between solar battery layers of this 
invention. 

[Drawing 5] It is a partial (photoelectricity sensing element) sectional view showing an example of a dye 
sensitizing type solar cell which uses the charge of the material between solar battery layers of this 
invention. 

[Drawing 6] They are a partial (photoelectricity sensing element) sectional view showing an example of a dye 
sensitizing type solar cell which uses the charge of the material between solar battery layers of this 
invention, or a fragmentary sectional view showing an example of the structure of the substrate 
integral-type solar cell module using the photoelectricity sensing element which uses the charge of the 
material between solar battery layers of this invention. 



[Translation done.] 
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(57) mm 

T?£oT\ (1) 

aaa* 8 o °c&±.<D®m®]mmf/m l < «»?§fflft 

SflgfifiSciJ^MtLTaS, Xtt, (2) JjgRJi* 

HWfio 



(2) 
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imim i ] xmnmmmt % xmwmmm n 
tsot, rnxmnmrnrsmmiz, ■ff^TMWum.^ 
s o ^A±.<Dmmmmm5/ximm\w®mmm 
*>&m tLTKsct mm t?z ±mnmmmm 

So 

#n 0 

a, wtSTOTS set t -r a lisRS i xa 2 
1*14] t9ie*ii*fiBHffl^*^-rsisifi 

[MM 5] i^*HMt?fiJiHffl*m*V MUfiSc 7 ^ 
^StLTa«;it^#®^r«II*WK 2, 3Xti 

[W*«6] 2, 3, 4Xtt5E«0*Ri 

[?§03©f«M 
[0 0 0 1] 

[0002] 

x^;l/^-^©^g^Wii5^ <r t 6 ffi B S tiT^ 

hx h U;^©H»i§ffiStf3^^©l|«K^ 
ty«^»», Mfft, at(Pt) ^©^MfciSM 

A^awc s t mm** to 

Afflict 5 »?*sjc[fiu s/c, mmmm^<D\-/ 

1 3 - *^ts ti/K7^ xff ffl-r s c t ic & d tix*;v 

[0 0 0 3] cKDctd^RIWfilcfe^Ta, WTO© 



fiOT»Tf.5t, *^K<J:S£fl^)bWfflS*U if 
tc&D, fflfcfcf, *iltt£#{*^©g#©Hi^Mfi 

©^ihtf (.m%mmM) ©{& ^r^ffii^^a- 
fr<mimm> k. & mmutm «3^it if Att^? # 

10 [0 0 0 4] ff PIT 1 1 -3 0 7 1 4 1 ^Sitai, * 
TI/^So #P1 200 0- 30767 ^fgfa^ gffig 

iom, «sffi©&A&i^±ig«^w-r sssa 

W,1ifl!lwSi)2£//fi;-t<:lSaL, Kil-.M^J.iB^^t.t, ^n«fili 

pi 2000-1 50005 mmmmzBf& 
mm^mmuc < ^ssiT-^sx^+^ssi^^a c 

ttfm^ZftT^Zo #M 2000-17368 0^ 

&*mi*9mmm-& rite mmmm t *nt&t>#, 
z m ic x ^>«!g^> ^> u n y dmnmm^m. ? 
x&st* %tt$> t£f its mmn* l t & a feutt 

30 ^S*RI«?fi*^^SnTt/^o # Pwl 2 0 0 0 - 2 0 0 

6 2 7^«Ktt % jSH^«n^fiSc^n/c)SB^ast 
x*°4->ifflg^>y aydrA^fflvs 

[0 0 0 5] ^12 000-3 4 8 7 8 3 *f£$B£fc3:, 

40 Mb, nmmzmai... tmttMx\zym.<mvmm 
-^fflfciSdt^^tiTt/^o nf*e^i^a, «^ 

X7 U >y h ©^-X h«^>-Mif^S«©M5a©^M^ 
bftoTlD, 4 5 0 "CTiiffla^ L/c £1 1 tl 
Tl/^o #H2 0 0 1 - 1 8 5 2 4 4^S(ai, S« 

©MSgp^*^x7 y -y h T-Mithrc&mmmmxmn 

ifiKHU 3tf ^ Wy?-tS57^'J ;WSfflg 
so [0 0 0 6] L^Lft^fi, ±mW&<DH±W<D&l8,fc 



(3) 
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a^^cgsihf t^T^a^ct^^ ens© 

S«^M^S*2./ci6t}l#4 0 0°CK±© 

fig l /cti^fih-r s c t it^m t a s c t ^ s , c © 

[0 0 0 7] 

t££ U felMiMWftflfcff igicffl t, > s d t ff-v £ 
[0 0 0 8] 

w^»?*-r s /&&©#©] xmnm 

ffl©^Wc&^T?t^&B^ft;£WU Lfr&B^ft© 
ft±t ttSo T^±-fe;^©«»ff 

Hf*tt©^-fn©«ii©fe©T^oTt, mmm 

££*IU #S©»^fflft£#f-Sfi!S!fffl*l% 

ftic mitt s r> *. k . ^ae^tt* s c t tea s 

gfiKtf 8 o °CiU±©«flglM»&t>'/xaif?§SiJtt« 
fllffifi»^Jl t LT & S t , #5 Xli^Sfi^SISSiJ 
tttc£EHT S fftB$SI£7c#£faf LT±IBI1S£# C 

a S t , #7 x$i^SS^if!§SiJtt*^±f § c t tela 
T8 ^ MMx^;!/^-^©^^*^!/^ t fcffl* 



SCi:*jlW£U *^tcSiJ5gLrcfe©TS«o 
[0009] fafe-s^ma, *R§«?fe£*$'r;5* 

tt, ^xe^SS^8 0°CiU±©Sflgfij?Scft&^ X 
ttBi§Mtt«fflgflJ^^S LT a S *HWWH/I 

10 fi?t$5„ 

[ooio] ±fH*R«?fiJiiira*m£ 

ffl^TaSfegm^«1l*T*fc*3So KTE, *f§ 

[ooi i ] ^mmviKmnrnmrsmmiz, c i ) # 

7 Xlte&Sfitf 8 0 LJ^iCSfllfijjSctJ&^/gL < a 
iWifJ.WlWS^^r^t LT&S*\ Xt.t, < 2 > 
tSSKSM-T Sil*(^tLT4S^ (1) &tf 

(2) *^fflLTtii\ dnsa^n^n^ttTfffl^ 
m®, mmummznmt § ^» trnv s n§ t, ©t 

[0 0 12] jfef, *«KO*RI«?fiJiHffltf^O*^ 
33^T, i^Sfig^T*S«7XK^Sa^8 0°CJ^±© 

mrfi«p^fflM«i o oxm%K.ftL-zctit><DGmftm 

30 %«TO§<:iA«L^ Hi%*if$oft 

»SL<tt, 30II%K±T*$^ S/c, 95R»% 

[0 0 13] ±fe«^Xfi»rg^8 0°CJ-X±©«fllfi 
^StCfS U TlfexKf S ^©ffi©^^^^^^ S fifiSc 

40 ^-rsSBiB^ffc^xlte^Sffi^ 8 o TM±.h as 

[0 0 14] ±fH^^xe^SS (Tg) ^8 0°CK± 
Ol»l»i:LTli, ^^Xfs^i^ffiA'i) o ( W h© 
SBiB^«f*WS bv\ iWSKii, 13 0 °CJX± 
©SSgfifiScftTSSo *HM«fK Tg©?MS7? 

so St LTtt, "FiSO^fc «t D 5 £1 1 *W®TPfe S 0 



(4) 
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(Tg©?M£7^£) T M ASUS fc«fc 

?M£*ff : HSMS 5 °C/m i n 

W(^^-y : 2 5-2 0 0°C 

mimW: TMA-50 *!»»ffPjT%t») 

mm ■■ mmmmvmm 

[0 0 15] ±f2if!§MttSflgfijjSc^t LTtt, III 

act teas *\ feiftf&5!*R!»fi©« 

9 0 %U±T?35« 

c t iWS L < , 120 %fim?&S c t iWS 
LV\ 9 0%*riT-feofcD> 1 2 0%%M%-rc*)t% 

»R©l!«£?KKc[»ihir s c i: #a < as *s*ft 

1 0 %JJTH?*S 0 HfcJffS L < «, 9 8 %IX±T£ 

1 0 5%ttTe*S 0 

2 g £^-©§#§JcAti, 6 CCTTHHSWrsei 
w (g) fcifjgu TfHStJ;*3WM!|%©Slft!|%© 
KMt S J89JSfll»0«flBB^ftOB!{ tM©iJ^« 

©SaglMi3©SSftM©fJ^ (%) = {w (g) /2 
(g) } X 1 0 0 

[0016] ±m^mmmtmmthTa, «ag 

SSSgt LTtt, 8 0 1CfiU:T?&!>, 

[0 0 17] *^tc43^S*f^xe^fiK^8 0°CiX 



it) , mi^^mtt^mm mmimmm) mmm 
Li/\ dnfio^Tfe, isgft-r stoats 

[0 0 18] *^Hi!tC*3(ta^Xf5^SS^8 0°CIU 

[oo i 9] *^t33^S7^*;i/ffi{t§!«fflBi:LT 
W»;«?l;i^i/Hf-; y*§u xswi«f 

£ ) 7 2 y f-;l^o 9 ; MEfttt* fe a v ^ S 
ts ;bSffcttS^f*X B 7 * JMEfctt* fe /£ S ^S^f* 

[0020] ±fe^taft^yxx-r;K x*°^^> 
'Jxxt/I/ w*) r^y^-h, w*) 7^u;i/3R 
mvBL&mt t lib, ^csssn-f mnrnzttus 

[00 2 1] *5IKO*ll«?fiJIMffl^li:43V'T^ 7 

^IffitLTB, ^PlMffi^P^fflSS 1 0 0K«%tc^ 
LT, KL<ailI%K±^^ S/c, 9 9K« 

<at) j p-r^ 0 9 9K«%^g^st, muffi^p^ffl 
#sofi;s*^T^ 6 f ffHtt^iia nit*), ±mn 

n^SSo iD»SL<B5gM%U(±T-feD, S/c, 



(5) 
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9 5KM%^TTffeSo ®«L<ttl 0R«%«± 

[0022] ^mm^xmnmrnrsmmz, ±mhtz 

^r«¥-irtgttft^fc^?*tc2fflK±©fi^tt^ 

[0023] *^t£tt&t;^t£tt{t^©$;ffl«fcL 
ta, *sio*Mii!iiwffl^ i ooii%^ & 
SL<tt, lM%«±7?St), 9 9K«%Ji(T 

ft, 8 0ll%HTT$So HfCjfSL<tt, 2 0fi 

[0024] m^tymitwmmtn, sxassftx 
§ »ib*^ a o *%Hi! icfcw- s ^ * yfi?ft§j«fsn tu 

[0 0 2 5] *fgHH©*PI«rfilF^ffltf^t<:fc^T, ■< 

Mb LTli, *l*WfiJiHffl*m 1 0 0K»%^L 
T, » S L < « 1 R»%«±T-$ D> 9 9 9M% 

HT?$5o ifi%*iT*5J:, «{tKJSfc#5iR 

a^jf-rvo 9 9S»%*ie*.s£ ! *i«fiiraffl^ 

£ 0 , 9 ori.'il ■ I'JL Y'Ci'.Z, 

[0 0 2 6] ±ifflgttx*;^-«©J!8l^±!)ffifc3 

mmmmrsmmmmmmmm tat), 

[0 0 2 7] ±f27tS^P^mtLTa, «4©&&I© 
#£|®&Sft;a:t\, 7tS^I3^iJ©ffi 

1 o 0 Kfi% fc^LT, L < a 0 . 1 K«%K±T 

iff £Un?£?K 1 0fi%KT"i?$S o 

[0 0 2 8] *^KlC^3^SKftSTOtfeVT, iWS 



ftt^fe© OSMMB) tLTtt, ±!2!2«©^ 

( 1 ) X^^^SSg t ^fffi7 x / -;!/ 1 fflf Sffi? 
Si, (2) ^fffi7x7-;l/^'S'tg^yi/>> , ;l/x-f-;l/ 

^mmms^my x / *n^n i «x« 2 

10 MtfttS. 

[0 0 2 9] ±12 ( 1 ) ©ffi>iltj3lj-SX*°^^Sfllt 

lib, #?^oa< tfe ifflox^s/a*wrs 
I7x/-;p t x,-f^->«flg t (DU^mt^m? x y - 

;l^©t: FP+->;VStx*°^->Sfl|cfi©x^->S© 
^l/Jttfl : 0. 5-1 : 1. 5 (c&S <t 5 ^IB^T £ 
cfcftWSIX, : 0. 8 — 1 : 1. 

2©«HT?&5<, COlGHfcflftS tw^s^ec 

20 [o o 3 o] ±is ( i ) ©Wc43^ra, xjp*s/«j 

9J*ffl^S c t»S U\ xtf^SSIfflKfMSilM 

[00 3 1] ±H2^fffi7x/-;l/^rS3i L r?./ci6©SJS 
I^Stcfc'^T, r7x7-;i/aj ta, ^fffi7x/-;i/ 

3?SH*WfSft^ft*««'rSo ±127 x 

bTti, 5?sjaajc i fgxa 2®&±.<DimM>im& 

[0032] *%w<DMmmmmmmz, ±&Lit 
t\ cntciix »!§mtt^^±L/cD, ^^ntfiiiPEg 

* ^ X^O^lttt^f* t ©eg«tt*«»fc D 

ncims. snijt^tt, i ax a 2 aiu±^ffl 
40 <i±, xmnmm?smn\ oomm%icMLT, 11 

$L<tt, 5 0K«%J-X±T3dD, $/c, 7 0K«%iU 
[0 0 3 3] ±f2«Si3Sc^tLTa, SStt©%t/« 

so iLTffl^SCtmSo C©^, ^fS 



(6) 
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J$ft<D Et> 6 frKXtmfi t fcgfSttStf* o T fe «fc 
LTtt, fi«¥^^?«^ 1 0 0 07JOTT 

hk»£l<«, i o o oott^So « 
]'"!> , ' I- ; /'J! ' ' / ' Jm| wj'j , _ - 

fcf«fc<^ SSttSfcLTtt, ;j<lg§, -MX M 
^a^^g-To Xtt, zkfftgf?, -OR 
», *^*'^->M, -N (R 2 ) zSXa^n^^M? 
^gto RUi, B&S£*rLTfe«fc^KigSl~l 0 

T, 7_kSM?Xa««S^LTtil^^Sl ~1 0 

o<Dr^)im^mt 0 ) T-s^n^g, -or 3 cs 

R 3 «, «ftS*WLTfe«fc^HiScl ~1 0 0© 

^STf&tK -MXTfgSftSgfcfcVT, M t LT 
MR?, JIlIM?, a^fgjg?^© 

i~iooo7;i/+;HT$So £fc> R'tLra, 

£LT«£7i, ±!2KWfc£jSttSiciD;l, ^v>'*;b 

s^te, ^^-vs^tt, *as£tt**rf sa-efcfttf^ 

(s, o, p, n) ^/tlt, fflfcfcf, xxr;HS-&, 
x~r;l4£-n\ 7 3 FB^ £ P£ - C - C - 

[0 0 3 4] ±f2«^tc|3^T, SfSttSfcfcofc 

?x^©t©*u<, ^>';a^j"J 
[0035] *mm(D±mnmm?3mmmr^ ^© 



10 

£81^ *^©?j)II^E«Lft^SSHftT^/oT^T 
[0 0 3 6] *^©*RIWfiJiHffltf^Si3t'rS^ 

s o <c&L±<D®mmimiRV/%L< nmmmitmmm 
m DT^©ffl©^ t *s^r s c t k «t 5 ff a c t # 

[0 0 3 7] ±12© 

[0 0 3 8] *«K©*|«lt?fi)iHffl^*fflftS*S 
^^HB^MIJf S c 1 1 «t fflffc 

30 ^lA^y&n, ;in?»©^T-fe, ffittx^;i/^-« 
^^y^^M^^taf s c: fc t £ i)Wt 

vM-, ^JS, ^^^©Ttx^;^- ; 

y*a. xig^©sj(»s*WjiT^So ens©^ 

[0 0 3 9] S /c±f2«f fc§U«SI^^I t f S ^ 
^•(JrSilttcaSo WttffiLTli, MtM©aS# 
fcf SCfcs&WSLVo iD»SL<a, 80°CK±T 

[0040] *mm(D±mmm?smm<Dim 

a, «M*«i3Sc^sfe©T^D, mmm&tLT 
so a, efi" ig ivWTf^ «o\ c©i5 



(7) 
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Kxmnmn, m&vit co mn&ss#m> (2) 
cot, mmt&w ^ 

(3) (4) *f«£*rU wsmswff 

K±#t«t D^ih^tiTassB^-rs c t tcas 0 

*mm<Dxmnmm?3%mm^ «t t)^LTas &© 
a, *^©»s Lt/^»ii© 1 oTffes 0 

[0 0 4 1] *5I^O*RiWiWMfflWStt, *P§M* 

?$8o afc\ £fih#t«, n»#«©*^-i:LTK 
Kihf s/cJ6, #tm»iWI©3^JS^7K^©?§giJ© 
{*^©s#©Hii^ffi^s^©^ihtf£iM<r 

^—90 ^v>a-;l/©j»««# (g»WfSS"J) 

mm (&H) U-F©lfih^ «ft?MlcS5l 20 

«« mmsM) <o$t± am®) ^v^nst©-? 

*?§03©±[s§«*/I^fflffl^ fe*m^gj*pi 

fc©T?*?K *?gH£©±PI«Ml«^fflW^ffl^T&S 
[0 0 4 2] *fgHH©*PI«rfilF^ffl#^ffl^T*S 

tf±s nra s s feint jgs^iifKfiTfc 

So 02©fe^if^*Ri1tfflT-a, £ 
«fc<, 5^&tfiif±#£fli^Tfc«fcv\ 03 *5£ 40 
T, 33f{*£'?L©Slt^\ 3t#f*fc*f«, S&WXB 

^ftSciE4g„ 04 a, *^©^J§Hftra 



(5Wi*H#) tLTffl^WIf*§ 0 6ti> *?|BJ! 

*%KO*R|«?fiJiHffltfSlc «fc DSBI5SS±t0 
[0 0 4 3] KTt> #f£fill©feigif»fcR«?fi©* 

mmzmfc mmt^^^mitm (mm) ^ n» 
inmmztizmmM re&^.. mmrmt\ix. 

mm t J fl'il! 1 1 Ik M J , fci TOL'M' 
[0 0 4 4] 01-6 (C^T««S«S?^43^T, 

©«?7ma$[UEgT{±*;£ ta^ s ^tswii&tfw 

#»Jl^gTfe^©Stftf*tHD, MW4tSo 
MIlitliLTK. ^tx?'n©^©±i^ (ix. 

«\ ^nnt^T'ciit©^ m^mtnm^mmt(D 

«W> H^«).)It*««lt^fc©i«^) -ea, 
[0 0 4 5] (1) «lttt^f* 

«Htt^#f*i; bra, ( 1 - 1 ) a 
St©T-feoTtJ;<, (1 -2) *iwi&t;s«©2 

e. a s t> ot? s o t t <t ^ffijf egtf tt*^^ 

( 1 - 1 ) ©i&ar, WM^t LT^M©i 

s 0 (1-2) (Di§^. m^mm^mnm^tsmnm 

a, ^ il, n^A, 

vtthmv&m ; ; ^y^h-xxm^m\m. 



(8) 
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iJ^*WiiTa&So «M/I©/?$tLT{i;, 0. 02- 
1 0 /imgg»SLl/\ 

[0 0 4 6] ±f2WHtt^#f*a, mmmm&^izz 

<£ < , KL< aSffigJa^ 1 0 0 <3 , 

tLTtt, 0. 1 Q/DSfiTffeSCfcjbWjSTfeSo 
[0 0 4 7] ±f2WHtt^#f*W^e>7t^{iftf^a^ 

t/\ ^Kfl^SBI5Ta&?.t{i;7 I £©}i»^l 0%iX±T- 10 
[0 0 4 8] ±!FJ«S|litt3t#{*fc LT«, «7XX 

5tf 7 XT'T't /c3gH^aS±(citaL/c«W4*'^ X*W 

S£LT«, fh77^fM;bn-X (TAC) , ap 
yxfFyfW^Wb (PET) , iKyxfi/vt 
X£l— F (PEN) , ->y^7^f'y^*'JXfl/ 
V (S P S) , *'J7x-l/y^7^ F (P P S) , 
$V£l-$%-h (PC) , tfVTVU-h (PA 
r) , ^VX;V7*y (PSF) , #'JXXr^X;V7 
*V (PES) , *'JX-f;M5F (PEI),«« 

^aa^tt^affi-ra^fe, »«tt^«isft^©^ 30 

iii«7XXa77Xf'^©5##l m 2 S/cD 0. 

0 1 ~i 0 0 g tt5<:t«U\ 

[0 0 4 9] *^tC|3^Ttt, ]fH^j»Mtt5:#f*©fi 

^My — F©#itfc lth, 7;i/5~*y2^ if, m, 
x;^y^yy?'fri5iL, ^o±C77i*K- 

7°L/cH{bXXX« I TOIIfr&ftSjglJSMIifciStt 
SCTOTSS. SfcgHj^lt^MBJlSStl^c 40 

io%6(rt, it)JfSb<tti~5%i:'rSo 

[0 0 5 0] (2) IMt-DWM 0S3fcM) 



[0051] ±te¥«f*ae?tLTa, ->ynx y 

;bv-7A^©¥f*¥Wf* ; I I I-V^ft^WW 

F ; f^>Sxhnyf7A, f^yS*;i^>")A, f- 
^^7-Fy7A, f^yi/^'J7A, -*7«*y7 

[0 0 5 2] ±fe#S*^3^Ft LT«\ 

xvxclfti ; * K57AX«fp v ©-fe^yfM%) ; * F 

[0 0 5 3] *^Bj^^5¥«f*£LTfi\ »£L< 
Si, T i 02, SnOz, FezOs, WOs, Zn 
0, NbzOs, CdS, ZnS, PbS, B i 2 Ss. C 
dSe, CdTe, GaP, InP, G a A s , Cul 
n S 2 X«C u I n S ezT'&K), £D£?£L<«, T i 
O2, SnOz, FezOs, WOs, ZnO, NbzOs, 
CdS, PbS, CdSe, I n P, G a A s , Cul 
n S 2 XtiC u I n S ezT^D, #«fSL<BT i 0 
2XttNb2 0 5 Tf*t), ItffSKaT i 02?*S„ 

[0 0 5 4] *fgB^tffl^5^{*WSr H T-t^iSf H 

[0 0 5 5] ±!B¥«f*«i?©eS«, -f£tCnm~ 

©atM^5f<i6/c-^i?© Wimtf 5 ~ 2 0 0 n m 
T-S&SdfcTbWSlX, 8-1 OOnm^WSL 

O^lteSiiO. 0 1 - 1 0 Of/mAW-jfcUv 

es^^oaa s 2 asK±©«i?^^ lt t «t 

< , COS^/^S ^fi?©¥iS)^-rXa 5 n mKTT'$ 
^SIWT8S©^ta, 3 0 0 nm?MS©¥ 

[0056] ±te¥Wf*ae?©ff»ffit tta, ffTE 

^A ry;l/-y;l^o^j (l 9 9 8^) 7^*M 

ymwn (1995^) H(cfH«g©)/;v-y;^ n 

t^XmiffffflJ ,STD3& ®35# ^9^(1 
9 9 6^) p. 1012-1018 lCfm<D^^~V)\y 



(9) 
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Wm i L l - i iz D e g u s s a tttf H&Lfclgfcftf 

[0 0 5 7] ±!B¥«»«S?^gifc^>©^ ± 

Wkf^y «tfSfflK«J (1 9 9 7^) KffiS 

^•7^y*l"t75fi"y*ir-f- 318 0# 10 
3112^(1997^) p. 3157-3171 {Cf2 

glOt fg9^p. 2 4 1 9~2 4 2 5fciBSl©# 

[0058] ±m¥mw-wn?m*Bi%t%^ 

iftt, W[4S#f*©Bffitt*^^J«L7c^, MS© 20 
[0 0 5 9] ±f2W*aii?©»iSf?«*ft»-r«7?ffi 

[0060] imw&t lt«, *xa#a<o#ii» 

x£/-;k -f yynif;l/7;l/3-;K ->^nn^^ so 
em6tt*fflTffflvTfe«t<, 2««±£{#fflL 

[0 0 6 1] ±!2»7??£fcLTtt, 7^J^-> 3 y 
Bg5 8-4 5 8 G^Milcm^nTl^U-f^-^- 

*swff 2 68129 4^mmm, 2 7 6 40 

1 4 1 9^^|ffl», *Sf#fF2 7 6 1 7 9 1 ^£H»^ 
£ f 2«© X 5 -f H * y > Wik x y x h a yfe 
ft-rySt»S LV\ S/cMffiti: LTXtfyffi-f 

*7-bv hRVViy ¥T(D 3 ±mmttliV&>, HIS, 
df&lfe xy y-yBWf*WSLt\ tft&otpfr 

[0 0 6 2] ±!2¥«{*«4?©^Sff«©ffifi«¥«f£ 



16 

0. 0 0 l~5 0Pa • s) Tlix^Xh;V 

-73y& ttxhS, xyy-yETOJffi^*wsL 

V\ S/cffiffifiM 0. 0 1 P a • sOT) T 

ttX7^ F*-y/Hi, 7-T -t-z^-ffixaxtfyffi^ 
s Sieo^s*^ tiifffisteSS© t x y x h ;i/ 
©ttfi, ^Mfi^tscTjaass 
[oo6 3] xf2W*»e?©nti#ntpisf\ e 

^.y^-j/L^W^fWi j'^'.j-^Sr^ir^/i/L/L'j. I'll 
Sjra4?ffTic(,ixy x F 3 ygtytix^-f 

[0 0 6 4] -j&t ¥«{*»£?/■©»£ («!)tJiOj? 
* t IWI C) im < a « iS D OSSffe 

0. 1-10 0(imT$5 o feSftJBSbfcRiWfiKfflV 
**f*»i?^©P^a 1-30^ mWS L 

ftl m 2 S/cf3*fl5«ao. 5~4 0 0 g«L<, 
5-10 0 g^£D»£Lt/\ 

[0065] ±f2*»#ae?^*wi4s#f*±t'Mflj 

fcLTli, 4 0 °CK±T& t) n ^7c, 7 0 0°C*?S7?S 
So iDWSL<« 1 0 0°CJX±7?SD, S/c, 600 
tOTT&So S/cWSBf^ai 0^-1 OI^HSKT? 

* L < a v\ Sftnxh OfeS*^ 6 fe 7?i* S PI D ffiS 
TfeS©*WSLl/\ ffififfcliftlC^fc 5 nmiXT© 

[0066] ±.mmmimk, ¥»f*ae?©sffi»* 
[0067] ±m¥mfam& : ?ii%<<D&m%®.mt2> 
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[0 0 6 8] #f£l£©feiftf&S*li»»©g&Wfc:JB 
vsfefgfc ITS, «*©^ffi3ffi9^tf*Wfc««fc: 

tKD^;i/i, kFn^->7)Wl, zfr&yffi. 
^-n-y^g^^Tf S&©*W£Li/\ Y^-n-y^ 

© «t a Sfeil t LT H\ - 7 i» if if U i^fefg> 

yvzk&m, *syx&m, *yyf^y&&m, 

v\ d©#n\ ^©fi^t^K^fc^fe'tfSJ:? 
[0 0 6 9] ±iB¥*fl^?fc^*!R«S#£B;i: 

24979 ow^m^tm^tiT^^^dicmmmm.L 

TfToTfe«fcV 0 SftfttOifSStUli, 7 -fir 
-^-&> X7f F*7/H£, x7x h;i/-^3 y 
*-fvS, xtfyfe x7V-S^WiB7?£ 

x7y-yETOM*WjiTSSo ft*©i£«tt 

tcjSCTjglCMRT^, **/-;k x*/-;k t- 

-bh-hy;K 7°n ifsfx h y ;k 3-^h^>7°ntf 
h y ;m©x h y ;MB ; xhn^^y ; ->^nn^ 
£X -7^nni^x 7nn*M, ^nn^y-fj> 

KD77Vfox-f;i'i ; yW;Kx;M^> F ; 
N, N-^^;l/*;l/i a .75h\ N, N-^W^T-t: 
^5 Kto75 KS ; N-^Hfny ; i, 3- 
f-M 5 ^/y *jj y ; 3 v"y vj 

y ; #«x^;k mmy^mcox-x^^m ; »^>'x 
mm^uy, mmfn^ym^m^y-^ 



h >1g ; ■'v^X Httx— • r;K ^y-tfx h^xy 
^©Kffc/KH^ <r ft 6 ©^igffi^W M7?*s s o <r 

[0070] ±!2fe^©!§r«©ffiS^-3^Tt, 

i«ffiSr« o. o 

0 l -5 0 P a • s) T-HX7XF^-y'3 #8 
93fiJ^*WjiT*SD, SfeiffifiSfiJg (MZ-li. 0. I 
10 Pa • sfiCF) -etiX7-f 7-f-t-/^- 

sxaxtf y&mm-?& v. ^-rnm-mm^tz 
nnftsatf*, '^as^tfscT, infill© 

[0 0 7 1 ] gfc, *K#©fefg©#ft«fg?ftfg©^ 
KL<, 832J6?§MI*tet\ 7-bhxhy;l/^©Stt 
20 »JU\ Sfcfe^©!gfcl«£if 5S#tu 

tC4 o~8 o°c©^T-^¥<fe^®#^^?»©*WS 

[0 0 7 2] ±!2fe»©^ISffl«t LTHu WftSJt 
ft©#fu*ffia (1 m 2 ) S/tDO. 0 1-1 0 0mm 

o 1 ttscfciWffSU^ S/cfe^©^*f*a5f4?t 
MtSWltt, ¥*f*Wi? l g Stc D o . oi-i 

mmo 1 tf5dt*WSLV\ dtltiD, ¥Sff*t 

so »tjsii«a!is*«^Kff6nSo es^afffsi: 

ISKiRSISflffflf S c t fe 7f 5 o 

[0073] ±fe^M*^fe^¥Wf*^ti3^Ta, * 

i/\ ys.ymtLzi±, \£Visy, 4-t-7^;vtfy 
*°y ifx;i/Hyi/v^wji7?£s 0 cns*^ 

[0074] o) nmmm 
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3 7H{fc^-3 7is, *^{fc£%-*S, #1)91*4 
icy (ill) -ZV92*4*y (I) , zkig-f^y 
(ID -MUr<^y (I) , ^rx^A^y (I I 

i) -^-r-^-rjj-^ (id, sk*:/ (iD- 
M-ftfy (I) , j^r^v (ill) -JM'^y (i 
i) , /Vfv^z^s}-^ (ill) M-ars 10 

(ID, vyfyi^^y-IvyfyiYtx 7 

Tfc, 3 7fSffcl^-3 7lS*W£L<, 3 7«ft€* 

tLra, 3 7{fcy^7^, g^ftAy^Afoiia 
9fcftr ; r h 9 Tfr*frT y=t-9 h 3 - S? F, tf y s? 

- 9 h 3 - 5? K m<D 3 >7 { fc 4 » 7 y ^x 7 A tgf t^4» ! 
3 7 fcs?* ^;l/7°D tf ;W 3 2V U 9 3 7 ft *M 

^/v9 h{t-&mm\m* u\, 

[0 0 7 5] ±iBWK*i8#*S;fc»teteffl2nsi8 20 

a, ^^;l/*-^-h, ^x^;l/*-^-h, y 
xXfMt^i ; ^x^;l/x— r;K 1 , 2 

yx^x i, 3->*^y->7y, r h^t Ka77 so 

ftr; 3-^^-2-^wyjyy, 2-*f-;Hf 
n y Yymmmnit^m ; r-fe hx h y ;k y h^> 
r-tr h x h y ;K 7°n tf #x h y ;l/^©x b U ;Wfr& 

; x;K7*^;/, y-y^f^Wtt-yK, yyT 1 
;l/7t;Vi75 F^D^Tn f yftSftftm^WII 

5©4n?fe, xfyyA-^-h, 7ntfuy*-*' 
*-h^©#-^-Mt£^; 3 2 
^yyyyy, 2-y^;Hfny K^oHK^Hfc^ 40 
i;7thxh'j;K y h^y7-trhxhU;K 7°ntf 
*x h y ;m©x h y ;WtarWf# $ 

[0076] Mmffi&wimtLTiz, «{*, sf*, y 

^xfi*©P&]±^ar«f*M»K*WSL(/\ nit* *f* 
H»K^^?LK^f* £ s c t tc «t 5 , H«R}§ 

- yy77yy^W) ^, -^«fi^-^«?fi^t 



Mil ^?LiKf#f* Sf*^«ftS7C 

[0 0 7 7] ±fB^?LK^f*t LT{Sffl2tl§TItil7 

t:ijifyyfo*°yti/7^yl, *'jxfi/y 
fw^whfo* y xxfym^e. a s t ©*w 

[0 0 7 s] ±ts^iLK^f*t l T^ffl^ns -fe^y 
-^-xa«^©ftf*t lt«, *°y7°ntfyy, *° 
Uxf-uy^o#y*U7>r>1B ; *'Jxfyyfi/7 
^ h^©^ yxxf;vi ; *° vrs. m ; # >J7x 

©^S^-fe) ; *°y-f 3 F ; fcpy (7-b^-;Ht*° 
y e=-)^7i^-)V) mtmm^^o cn 

*Al,-^-X[i«li, «n?ffl^TfcJ;<, 2 a 
^SflJj fctt, 2fflS©#S*7»-FtIt»S^/ 

s#L/c7byF@#M«*, xa, 2«a©ffs© 

©^rea&So S^McSffi^©^y7ntf 

[0079] im^im^mmmwmytmhMmt 

f*©JP#ti, 1 mmttBWS b^o ^?LKS^f*©» 

»w 1 mmffist n$mmm^<Dmm7itt<D® 

So 

[0080] ±m^ytm t tm t ©sw^a < f c t 

t©^m*a< Tfcfetc, ^©ii3ixe*3^TSS^s 
s« 0 foftft, Ji7 I fi]it»«t©p E §^a / >a< 1 

[0 0 8 1] *5gBj!©feSit^M*^'fitc*3fj-sm 

mmmttmstit s ^ a& t ^jlk^^^s -r s 

3 0 ~ 8 0 S ^?LK^#^ffifflf 3 £1 1 WS L 
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**n*«*So 8 0%*j@*si:, tls^a^s^ 

[0 0 8 2] (4) mm 

tt3tf#f* ^«(^ WHtt#S^ 6 a S M «JHIi©# 

& iH 7;i/5-#2», ns?«>A, JyWk 
m<v±m ; j^H ; ^>^^A-xxi^«m stfbx 

Xlc 7 -y m* K - 7° L ft t ©#© afUft &«Hft^ 

Ttt, 3nm~10fi m»S IX \ ft&«MMtf&Jii 

S£^L<li5nm~3(imf*^ 
[0 0 8 3] ±iB*«ttS^fcftffi©^-f n^-tfx 
«M7a 6 ft^Hf b T «fc "T\ ffiftlfctttf Sysgf 
sftftiai, WI4S^f*t»S©9^^< tfe-^ 

[0 0 8 4] ±ie*fffi*ia^a#)ffli: but (^) n 

^»*^fiScL^T^©±tciS^S^t, (n) 
^/■©±tX^-^^LT*«*@BHLfctlT^© 

ms. immmmm^mt « if -a-© 2 a 5 & 5 „ c-r ) 
s» (pvd, cvd) -rs*\ awifcwrsss© 

WMffltffcRSSttttSo S/c (a) ©^ SftJl©± 

Ait 7t«©ffiT^a mmm&w>m& t m s „ 

[0 0 8 5] (5) ^©ftfi©/I 

( 1 ) wni4^f*, ( 2 ) &m ( 3 ) mmmm 

RV (4) fcfSSWfc, titLTffltSlfM 

f*&tff«©-Arx«wAr^ ffiii/i, s&b&iljps© 
mmimm^mr t «t v\ c © «t a asiittfli^fli 



jSfrSX^-r F*-y/W^x^x h;l/-i>'3 yffi^ii 

fc, »St«Mtt^f#f*©5SI&*P^ih-rs/ci6, 
mtt^f*tS)'i:Ji©P E St«ffiS:¥Wf*©?»fll]i^T'M 
D J|£ LT"HlxLT33< d tt"Pt5„ T<iD/I©#S 
WSKaTiOz, Sn0 2 , FezOj, WOs, Z 
10 nOM/XttNbzOsTSi), H^?£L<«TiO 
2T*5o TMDUBE lectrochimi. Ac 
t a, _4_0 (1995) p. 643-65 2 (CfFJfgStl 
T ^ S X 7° / U n U X r£ £ i D mm t % £ t T 

fc, lOOOnmttraSo iWSKB, lOn 
mK±T^f), Sfc, 5 0 0 nmiUTT-a&So 
[0 0 8 6] ±)/E©i9(c:, fe^tf^*Pi«?fi^S^ 

So Hl~H6lc*^(c»SL<jifflT§S7t«^« 

[0087] 01 Rz?m 2 a, mnm (mmt^mm 

*>^7°«#©fci6tc^il«#tf (S#f*) *W^5tl 

30 Tt/^o @3(cfc'^Ta, «^»)iipfit-gp*« i ;- 
gi4(c$5^Ta, »««± (^jtjifti) stwffi 

ttWffi*^^Alfrs«jgtaoT^«o 06 a, a 
Hjia«©-^©ffi±(caH^a«it^^WL, d©±^M 

/c, jSH^ss©ffi77©ffi^asifKihii (M^-f) ^ 

© AWT* *3 3 SSM^ 6 II It t § © ffigjt * A * 

<fso*'ffSL/V 0 a*3, iai~6©j$ii*0ffl!-rs 

iltfeTtS. 

so [0 0 8 8] *5gH©fe^itfi§!JAPlM*a, AMLAc 
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SoTt, ^©S»£r?febMc:|»ikU L^fcSfflMO^ 

stt^tffif s c t # a o »»tt3a^*&tfiy«fc 
y - k &fr LTmmn%mmz% gmmn© & ©t 

«fco\ *^©feJSmM^*P§mffit43^T«, 
[0 0 8 9] *^©*H«ffi«Hffl^l±Sfc, felt 

ffl ^ t a s ttmggus? *m v ^ ftintifioty a 

[0 0 9 0] ±!27\R§*tes ^©ic^Wrte^'a- 
;l/f:a*Wl«:aill«o ; &^a-;l/*Jt*i:»J-5So API 

7 x trew, \ s^s«©s»w^ e ft £^ d 
-^-x hu-b ^-r 7°, t7x h h 7^yjm^ 

v r ^ 7i: nf fcfft S t V 'a- Mm . 7*^7 

7X->'J3 y AR§M»Tffl (/ 1 6 tl 3 S«-f*§l * i>' a 

[0 0 9 1] immx~^~X 7^7XliV 

■77s vu-h 7-(7(d^7^.~m^ mmmmtm 

■bfrtmwzn, IDoH^t'^ LftzkMV— FXfi 

^>*!K«fa±©/ctfK gS^fSCx^i^ye-^r-b 
f— h (EVA) ^«^aaiI©^X^-y^#S*y 

T&m-777?-v774)Vh^m\^ xii ±fe^w 



us©? u-aw y -y ^«tc u ^ as t 

[0 0 9 2] ±lHX-^-X bis- h ^7°©APJ§H* 

10 ^j^-mz, »mi, mmimmut^m^m^nrc 

yuybmM^^hny^m-vmMLr£^^ s *© 

[0 0 9 3]-^ V77bls-Y7^7°(DWr&, SS 
&&gBfr 5 D ffl 2 ti/£5#SS*^;v h n y^m 

20 £JHi\ a»7WA**y h LTffIt?C ttf 
[0 0 9 4] *^©*Pim»»^ffltfS^ffl^Ta?» 
^Wr«fe©^CO^TBl6^ffl^T^-r?»o 06 

©±icMtcfe«WT i ozfr£GLit!&%M, nm 

fct), ifiH^a«©ffl73©ffit^i:SlfP^ih/i 

[0 0 9 5] Setc^L/cftjg©^^^-;!/©^, S 
X.y=fy7\ CVD, PVDfOWft/n-bXSi, 

xa^ ^ - l < ajs^»«© u-^-x ^ ^ 

-f l£y^\ 7°^XV C VM (Solar Energy 
Materials and Solar Cell 
40 s, 48, p. 3 7 3-3 8 1 m^fiW , WfJ^©« 

WMmm^£<or\7--y7t% cfVpftW(D^y^ 

[0 0 9 6] J-XTt, ^©ffl©g|5a-^XetC-3V^Tf5HS 

WS^rffl^ S C t *\ I WtjS CT«« E 

VA (xfl/Vfc;V7-bf- h) , 7-f^i«EV 
A , 7 v ft U r*y«M £ 7 * U ;1/«II©^» 
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©±5&&±WB£LTfc#)8T?;fcSo «7^ 
[0 0 9 7] ±f2^ih#S^-b;l/±t0St-«fc^tt, 

-k xtv-h-k x^y-vmwj^ofiJ^a^ 

[0 0 9 8] ±!23:#S«fcLTPET\ PEN^©W 10 
[0 0 9 9] ±f2*^M*^*3^Ttt, %«Sb**±lf 

[0100] ±iH*Riwfif«:fev>T, %.mm*m% 

S*gB*«Sffl«L;fc^ Ag^Al ^*&»Xti;>< v 
*T87m •tol/OdrflifcA 1 -MgVJiA 1 -T i 

<£ o tmtb t r 7 x * -Sit s j3mmtfi& % 0 ™ 

[0101] swaw^tfSfcftfcS-feji/lHS 

Tf SB? * 80 -fe;!/ if a L^fgST « 7? & t LT 7 -f 
-t-ipyxV V7\ *IMft7 1^>7W>- h «t 

[0 10 2] *';7-7^;l/i^D7l/4 l S'^3a«t: 
%^±M©7?&fc «fc oT)K!?-b;«jSU PirM©^ 



26 

Sfc, Solar Energy Materials 
and Solar Cells, 4_8 , p . 3 8 3 - 
3 9 1 fdfHiS© TS C A F J titftlS^i^a-Mfjg 
fcTStfcfcTfrSo Efc^ 71^>7;lo£M*£:ffl^ 
fe*HWfitt, fflffi^X^fg^HSLTffiffl-f ?> £1 

[0103] 

w -r s *»cn6 onsfsMo* t ess ns t 

[0 10 4] tuM*SSIA©»3g 

(1) 7 1 y *7 7 ^Sxt;^->Ii e p n 1 1 

8 0 (^W^-aSD : 4 3 0 g 

(2) (1)©«C2, 2, 6, 
^y^y- 1 : 0. 2 g^in^fto 

(3) SMfT, (2) \c*#*V)Vm (5 2g) £ 
HJxf-;l/7^y (0. 5g) 41 10tT3 0^HSi 

(4) (3) ©rS^X^bV (3 6 0 g) %tU%.Tco 

( 5 ) KA*7«, 1 2 0 °C T- 6 BffSfSf L fc„ 

(6) mit 7mg K0H/gT?KfS*»7Lfc<, 

(7) (6) ©?«cf h7^W)7At/Wr 

-f f (0. 4 g) ti-yf-ymm (0. 1 g ) 

[0105] mmm 1 ~ 7 &t? it«M 1 
« 1 K&tm& , vistmmm!*w&u « 1 K^-raft 

«©-9-y7°;i/^f^L/c 0 ci©+J-y7°;^Mi/^T, T g 

Ttt, Jt^^LTffiftS^Co HB-25 
1 03BYC (^ n °p«, 7^ttS) ^fflL/to S 

ft, h»m 1 ~7&^ jt«M 1 ■vm&hrcmmmm^ 

[0106] 

[Si] 



#H 2 0 0 3 - 2 2 3 9 







8Mb 






v>)j> 






i 


fjHtStJlA 

50g 


E-2 
(IIS* 
tttt 

50g 


- 


KBM-503(1ISfc^ 
ttl!.0.5g).TSF-401 

S,0.03g).A-/fJl. 


130°C. 

2MfFaT 


1 mmiiSi 


mm® 

2 


50g 




- 


TSF-401(D03g). 
/V-7"fJl.O(0.5g) 


130°C. 


1mm;iSiflS 


3 


YDF-nOGK 
23.5g 


3>?JM,6- 
23.5g 


E-2 
47g 




o'wrxo.ig), 

(0.7g) l TSF-40K0.03g), 
A187 




1mm;jElt5 




UWffiJISiA 


E-2 

ens 

30g 




KBM-503(D.3g). 
TSF-401(0.03g). 
W-9010(0.29g). 
WMMHbUg 

7vv*-aa» c.4 £ ) 


1»M 


Imm&llS 


5 


UKfttHA 


- 




TSF-401(0.03e). 

ffljiaivECB* 

ftMttSL 0.03gk 
328E(1t*75y'- 
ttS.0.15g) 


40 °C. 
6B»IM 




6 


15g 


- 




TSF-401(0.03g). 
IRGAGURE184 


<M> 
b'-9 

365nm) 
10J 


G.1mmy-h 


7 


mwitJSiA 


mm 


NP73D 

(Bt?"i 

py-rt 

2g 


KBM-503(0.5g), 
TSF-401(0.03g), 
A"-/f(tO(0.5i) 


130°C, 
2B#IW 




1 


l,6^**»' 

24g 


3-/fJlH,6- 
26g 






-fS**V-JK0.5g). 
TSF-401(0.O3g) 


180°C. 


1mm;±5St5 



[0 10 7] SlE^T, J^Ttcf^-rSo KBM- 
5 0 3 «S«) ta, {iSf^&SO^^fi^ 
is? yts v 7 y y D> T S F - 4 0 1 GffiS 

A 187 (M5h&) tit, H*rL-^-%tg©x* 
^>5gffc§^>^ -V 7°y V^iJtSi W- 9 0 1 0 
tit, ffif&m-e&Q, *^Uv^M (^o n B 

328E g«,b*) tit, imr?v~ttm<Dm& 

H&ffilTifc ^ 3^ I RGACURE 1 84 GSifi*) t 

it, f-iMM ^r-nmcoyt? y'tDim^m-v^ s „ 

[0 10 8] SlfifSMl ~ 7 Stf i**5£M 1 TllLftfy 



©SSSfcS 2 &tf g 3 fc* Lfc 
(l) T g ©MS 

tmasijs mwmmwm ilia oih 
mm) ©Tg*it£L& 

8I£*ft : 5 °C/m i n 

y : 2 5 — 2 0 0°C 
$|J£8«: TMA-5 0 (M5h&, »!»SfFflW±10 
MS : ^StM l ~ 7 &tf Jt«M l TffSL/c^y7°;l^ 

[0 10 9] 
[«2] 
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TB |3 7 C) 


HJ60J2 


135 




128 




137 




103 




127 


1116017 


138 




51 



[0 110] (2) J 

h V )Utm#teW$* 6 0 "CTttBLT, RS 

?IJS*ff :7^h-hU;l/30g 
2 g £^-©§#gtcAtX, 6 0°CT7 BMflwrsc 
t) SM L/c 0 7 BI©Sffifi^©fis»©j» 
w (g) fciUSU Tf2S(c^»3WM^©ilft!|%© 

fc»1"S^JSM«o»IBB^o«fte«oai-&*llll 

?§fflS«tu©«fflllM^©Hf[:M fc^-r S Mill 

(ommmmtommmm^ (%) = {w ( g ) /z 
(g) } x i o o 

[0 111] 
[«3] 







SIMM 


104 


3SJ60I2 


107 




106 




102 


ItK 


105 j 




102 


£ffi«7 


101 


JtlWH 


125 | 



[0112] ■: 3 W,tiil!i,H f -fllli 

T S - 2 1 j ) *FT 0S« (B*fimt§k V Z 0 1 
9, SnOzMU^X) tcxtfyn-Mt, 10 0°C 
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